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PREFACE TO SECOND EDITION. 


It has not been deemed* advisublo to make any material 
al^rations in the plan and scope of this work, so that, 
l^ond careful revision and the addition of a few char- 
acteristic illustrations of important mineral deposits, the 
Second Edition is in much the same form as the First. 

The criticisms of the press generally, and the kind ex- 
pressions of personal approval of the book which the 
author received from numerous practical men, lead 
him to hope that he has succeeded in his endeavour to 
produce a handy and useful book for prospectors in all 
Jands, so far as all the important minerals and ores, their 
recognition and their modes of occurrence, are concerned. 

S. HERBERT CQX. 

London, 

November, 1899. 



PREFACE TO FIRST EDITION. 


The object of this volume is tp give a sketch of those 
subjects which underlie the calling of the Prospector, 
without encroaching to any great extent upon the pro- 
vinces occupied by the sciences of JVIineralogy and Geology, 
or the arts of Mining and Metallurgy, which are too far 
reaching to allow of more than the briefest mention in 
a work of this sort. 

It is evident, therefore, that the scope of the work 
must be necessarily limited, but it is hoped that to the 
•practical Prospector it may give certain hints as regards 
the recognition of Minerals with which ho is unacquainted, 
while, to the student, it may afford an introduction to 
the subject which will be of use in directing his work 
into the proper channels. 

S. H. 0. 


London, 

January^ 1898. 
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PROSPECTING FOR MINERALS. 


CHAPTER I 

INTRODUCTION AND HINTS ON GEOLOGY. 

Metals and Minerals occur in Nature with such varying formSi 
and distributed under such different conditions, that ^ is im- 
possible to enunciate laws regarding their mode of occurrence, 
without giving so many exceptions that the value of the laws 
might be called in question. On the other hand, the minerals 
themselves are easily recognised when found, if ordinary intelli- 
gence is brought to bear in testing them. 

Certain metals and minerals, such as gold and the various 
ores of copper, which can be recognised readily without ‘any 
special tests being applied, attract a large amount of attention 
from prospectors who have not had any scientific training ; 
whilst those minerals which require some skill to determine are, 
as a general rule, passed over by the same men. 

Apart from the ease with which gold is recognised, its intrinsic 
value, the absence of fluctuations in the market price, and the 
certainty that no difficulty will ever be experienced in disposing 
of it, no matter in what quantity it is found, give an attraction 
to mining for gold which is not shared by any other metal. 
But, although gold possesses all these advantages, it is quite as 
difficult to determine whether some gold-bearing deposits can be 
worked to a profit as it is to decide a similar question regarding 
tin, lead, antimony, or zinc. 

There are a number of scientific questions which bear directly 
or indirectly upon the occurrence of minerals, and it is found 
that certain minerals are generally associated with certain rocks ; 
but, while this is the case, there would be no work for the 
prospector if the presence or absence of ores could I'te d^er- 
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mined by an examination of tbe geological structure of a 
district. 

There is a glamour about a prospector's calling which induces 
many to undertake the work in which comparatively few succeed. 
The independent life, the change of scene, the chance of making 
discoveries day by day and of becoming wealthy in a moment, 
lead many to prefer this to the work of more settled mining 
districts where good wages can be earned. The true prospector 
never leaves his adopted calling permanently; if pursued by 
bad fortune until his resources have come to an end, he will 
migrate to a mining camp and work for wages for a time ; but, 
as soon as occasion offers, he returns to the held and continues 
to search for the Eldorado that he always feels confident he will 
discover. 

There is little that a book can teach such men regarding the 
search for gold, but it is possible that they may obtain hints 
which would induce them to abandon worthless undertakings, 
and also learn to distinguish, roughly, minerals which are not of 
coramon^ccurrence, but are still of value. 

For the student who is preparing to embark on his career, 
some detailed information is necessary, and some little tiipe 
must be devoted to a general description of mineral deposits, 
their probable origin and modes of occurrence, before investiga- 
ting the conditions which are peculiar to individual groups of 
ores. 

It does not appear advisable to enter into the theoretical 
questions of geology, and in these pages it will be assumed that 
a general knowledge of the principles of that science has already 
been acquired ; there are, however, a few points which require 
to be emphasised. 

Geological Age. — From the prospector's point of view the 
geological age of the rocks is a matter of very little importance, 
and this cannot be too clearly understood. It is true that in 
certain countries there are deposits of mineral which are asso- 
ciated with rocks of special geological age ; as, for instance, the 
coals of the European coalfields with beds of the Carboniferous 
system ; but when other countries are visited it is found that, 
although seams of coal exist, they frequently* belong to other 
geological periods ; and the rocks of the Carboniferous system 
are of an entirely different nature. Not to multiply instances, 
it may be mentioned that in New Zealand the Carboniferous 
rocks consist of indurated sandstones and slates, in evhich no 
traces of coal are found, whilst the coals themselves are«>.of 
Cretaceous age and, in some cases, even younger. 
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As a further illustration, gold-bearing reels are found tra- 
versing schistose rocks, diorites, &c., in Western Australia ; in 
Lower Silurian strata in Victoria ; in Upper Silurian and Lower 
Devonian strata in New South Wales ; in Carboniferous and. 
Upper Devonian strata in New Zealand, and in the same colony 
the auriferous reefs of the Thames Goldfield intersect submarine 
volcanic rocks which are certainly not older than Cretaceous and 
may be little older than Miocene. It will thus be apparent 
that whatever other guides may be of importance to the 
prospector, but little can be gained from a . scientific knowledge 
of the geological age of the rocks. We have to go to each new 
district with an open mind, and be prepared to find the conditions 
prevailing different in many .features from those to which we 
have been accustomed elsewhere. The nature of the deposits, 
must be studied, points of resemblance to other localities noted,, 
and differences investigated so that a true appreciation of the 
.value of the mineral deposits can be formed. 

Gteneral Observations. — It is not intended to convey the 
idea that experience gained in one locality will not be of any 
value in another; for there are many features which are the 
saipe wherever one may go, and, after investigating the mode of 
occurrence of mineral deposits, a few of the more important of 
them will be enumerated for the 'guidance of students. It ia 
important to cultivate a general eye for country, and be able to 
determine from a casual inspection whether any particular 
district presents features Avhich render it possible that mineiul 
deposits will be found ; and, at this point, a broad distinction 
must be drawn between those which are found in iitUy or 
associated with the rocks themselves, although under varying 
conditions, and which will bo called in these pages Mineral 
Deposits”; and “Alluvial Deposits,” which have been worn 
from their parent rocks, and re-arranged in the gravels or^ 
sands of rivers, on sea beaches, or in certain glacier drifts. 

Mineral Deposits occur under a great variety of conditions^ 
which will be dealt with later ; but, so far as their association 
with the containing rocks is concerned, the same remarks will 
apply to each. 

It is seldom tfiat the principal mountain range of, a country 
is the more important repository of minerals, but those ranges 
which fiank the main range 9ften contain these deposits. It ia 
(][uite possible that the reason of this is that the rocks composing 
the principal ranges are harder, and less liable to disintegration 
and decomposition than those of which the flanking ranges are 
composed ; for the harder rocks, unless interstratified with tbbse 
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of softer texture, are not so congenial to mineral deposits as Chose 
which are subject to decomposition when exposed to the atmo- 
sphere. It appears, therefore, that, as the harder rocks seldom 
contain mineral deposits of importance, the higher ranges must, 
as a rule, be less productive than those of lesser elevation. It 
must not be supposed, however, that the really soft rocks are 
those in which mineral deposits are most likely to bo found ; 
for, unless a rock is indurated to some extent, it is hardly likely 
to contain mineral deposits of value; it thus appears that rocks 
of medium hardness are generally the most promising, and that 
those which decompose readily, and form a considerable quantity 
of oxide of iron in the process, are, generally speaking, the more 
worthy of attention. 

The physical condition of the rocks also requires to be studied. 
Whilst the actual angle of bedding, whether flat or steep, 
appears to exert very little influence on the value of the 
deposits, it is seldom the case, where rocks have been subjected 
to much contortion, where, in fact, they are bent and twisted 
into many sharp anticlinal and synclinal folds, that they con- 
tain mineral deposits of a permanent nature. 

The intersection of sedimentary strata by igneous dykes may, 
genet ally, be looked upon as a favourable indication, more 
especially when these are of a hornblendic or augitic nature, 
such as diorite or diabase ; but this condition, like the last, 
must not be taken to apply where the strata are greatly 
disturbed by the intrusions. There are certain rocks, such 
as limestones and serpentines, in which very irregular deposits 
of mineral occur, and which do not follow any known rules, and 
in rocks of this class valuable, though very erratic, deposits are 
occasionally found. 

It will thus be observed that what one has chiefly to depend 
npon, in deciding whether a new district is worthy of the 
attention of the prospector, is a development of an “eye for 
country," which can only be acquired by practice, bearing in 
mind the hints given above. 

Alluvial Deposits are those which are derived from the 
parent rocks by denudation, and thus the general remarks 
regarding the nature of the country will generally apply to 
these deposits as well ; 'but there are certain points relating to 
them which deserve special attention at this early stage of 
the subject. 

Those alluvial deposits which occur near their parent rocks 
are governed absolutely by the conditions already quoted, but, 
seeing that the denudation which produced the sands and 
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gravels in 'which alluvial gold and other precious metals are 
Jound has operated during long periods ; that, in some instances, 
this denudation has been on a gigantic scale, w hile the amount 
of gold included in the gravels iormed is only small; that 
subsequent cross-drainage may have concentrated this gold 
in the beds of streams until it is in sufficient quantities to be 
of value, and that the gold may have been transported for great 
distances from the point from which it was originally broken; 
it behoves the prospector to test any beds of gravel or other 
alluvial deposits he may find, by panning, in order to satisfy 
himself wliether or no any metal or mineral of value occurs in 
them. 

It is not only on the susface. in the beds of streams, that 
alluvial deposits may exist, but they are frequently found buried 
at some depth below the surface soil ; in these cases shafts have 
to be sunk until the bed rock is reached, on which the metal is 
generally richer than in the overlying drift. There are also 
numerous instances in which the contour of the country has 
been completely changed since the deposits were formed, and 
many cases might be cited in Australia in which old river beds, 
caiTying both gold and tinstone, have been buried below sheets 
of basalt, necessitating heavy expenditure in testing the deposit 
before it can be decided whether the metal occurs in sufficient 
quantity to make it payable to work. 

it must be obvious that very few surface indications of 
deposits of this sort can be looked for, and, although a pros- 
pector well acquainted with a district may be able to form 
conclusions, it is quite impossible for a new arrival to do so 
with any degree of certainty, without having recourse to a 
study of the work of previous observers on the structure of the 
country ; and here it is of importance to mention the fact that 
in every civilised part of the world a great deal of information, 
of a reliable nature, is available regarding the geological struc- 
ture of the country, and the experience that has been gained as 
to the distribution of minerals. The respective governments 
employ geologists, surveyors, and other officials to investigate 
these points, an^ to report concerning them ; and it is of the 
greatest assistance to any new arrival to procure these reports 
and study them carefully. 

Conditions which have to be Studied. — It must be borne 
in mind that the prospector has not only to find mineral 
which is^ in itself intrinsically valuable, but must also know 
enough regarding the methods of working, the costs of dif- 
ferent processes, die., to determine whether tlie knetaf or 
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tnineral is present in sufficient quantity to make the deposit 
of valua 

There are many considerations^ that will affect a decision on 
this point ; for, in certain cases, deposits of very low value can 
be worked, whilst in others, even moderately rich ores are 
worthless because the conditions that prevail are not favourable. 
While it is beyond the limits of a book of this sort to enter at 
all fully upon so important a subject, it will be well to indicate 
in some way the points which require special attention. Natur- 
ally, the first question is tho richness of the ore; a question 
which can, in certain cases, be answered approximately by an 
•examination of it, by panning tests, or by assay of carefully- 
taken samples. In testing this* question, it must always be 
borne in mind that the value of mineral deposits will vary 
within a distance of a few feet ; hence constant sampling should 
be undertaken at every point available, so as to decide the 
extent and value of tho richer and poorer portions of the 
deposit. 

It is obvious that a deposit only becomes of value when 
sufficient ore has been shown to exist to make it certain that 
it will pay for extraction, and when it is known what treJat- 
ment may be necessary. Until that time the deposit is only 
a prospect, and, as such, comes within the province of the 
prospector. 

Having tested a deposit in this manner and arrived at a 
knowledge of its intrinsic worth, other points require atten- 
tion. 

Is water power available to enable the mine to be worked 
at a minimum cost, and what expense is likely to be incurred 
in utilising this ? 

Do facilities exist for transmitting, by means of electricity, 
power generated by water at a point some distance from the 
deposit ? 

Is there sufficient water available for the mechanical or 
metallurgical operations that will have to be carried on? 

Is there much or little water in the mine which will have to 
be pumped ? < 

Is fuel available in large quantity and at a reasonable cost ? 

Is labour good, plentiful, and cheap ? 

Can mining timber be procured cheaply and of good quality ? 

Is there a good and suitable site on which machinery can 
be erected ? ^ 

What facilities of communication by rail or road exist, and 
vhat is the cost of freight ? 
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la Ibhe ore of a refractory nature, or can it be easily treated 
for the recovery of the metal it contains ? 

Do special facilities exist which make mining very cheap ? 

It is upon the answers to these questions that the value of a 
deposit will depend, seeing that, in some cases, mines are worked 
and miq^ral extracted with large profits from ores which are 
not intrinsically worth more than 10s. or 12s. per ton; while, 
in other cases, ores that have a value of £4 or £5 per ton, or 
even tuore, will not pay to work, because the conditions are 
not favourable. 

It must be clearly understood that only very large deposits 
can be worked which are of so low a grade as ihose first 
mentioned, because it is only by treating large quantities that 
the cost of extraction can be brought to a minimum, and an 
operation of this sort will involve a very large expenditure of 
capital at the outset. It is difficult to further define the con- 
ditions which must be fulfilled, so that the prospector must 
rely upon his own judgment to a very great ektent, bearing in 
mind the points already alluded to. 

Books. — In the mineralogical portion of this book allusion 
wjll be made to the rock-forming minerals, and it is now pro- 
posed to give some account of the combinations of minerals which 
compose the difierent rocks, as well as the physical conditions 
under which they occur. 

Bocks may be divided into two great groups, viz. : — Those 
which are of eruptive origin, or were, at the time of their 
formation, in a plastic state induced either by fusion or the 
influence of heat in the presence of moisture ; and those which 
are of sedimentary origin and have been deposited by the 
agency of water under conditions very similar to those which 
now prevail upon the earth's surface. 

The latter group, however, is capable of further subdivision 
into meohanioally and organically formed rocks ; while the 
former may be subdivided according as they were formed at 
great depths below; the surface of the ground, like the granites ; 
were intruded as dykes, like the Oornish elvans; or poured 
forth from volcanoes, like the basalts. 

These subdivisions, }>oth in the eruptive and stratified 
rocks, are not clear and well defined, but merge one into the 
other. Granites and basalts, for instance, both occur as dykes; 
whilst calcareous sandstones are formed partly mechanically and 
partly organic means. It is not proposed to give any long 
description of the operations of Nature in producing these rocks. 
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bnt simplj to give ready means for distinguishing the diflRsrent 
classes of deposit. 

Igneous or Eruptive Eocks. 

Igneous rocks are either of hydrothermal, trappean, or 
volcanic origin, and any classification should at the outset 
take this division into consideration. 

The hydrothermal rocks include all those of granitic 
character, such as granite and syenite, and their various modi- 
fications, which are characterised by the presence or absence of 
special minerals. It will be sufficient here to mention that 
Granite is a crystalline granular , admixture of the minerals, 
orthoclase, mica, and quartz ; and that Syenite consists of 
ortfaoclase and hornblende. There are a number of intermediate 
rocks, some of which will be found in the table on p. 9 ; but the 
limits of this book will not permit of details. 

These rocks Have apparently been formed at great depths 
below the surface of the earth, and in the presence of water 
raised to a considerable temperature, thus allowing the respective 
minerals to crystallise more or less perfectly from the magma 
formed. 

By the term magma, it is implied that at depths below the 
surface the rocks existing, whatever their origin may have been, 
are raised to such a temperature that, were they on the surfacp, 
they would fuse ; but being under the pressure of the overlying 
strata they are unable to expand, and so fusion is prevented. 
But in the presence of water, which appears to occur to every 
depth it has yet been possible to explore, the heat probably 
effects a partial solution, and in the digester thus existing, a 
more or less pasty mass is formed, from which the' minerals 
crystallise in a consecutive order. 

The fact that of the minerals which constitute granite, the 
felspar and mica, both more fusible than quartz, occur as 
crystals ; whilst the quartz forms a crystalline paste, which is 
always moulded around them, m in itself a proof that the rock 
could not have solidified from a state of mere fi^^ion ; moreover, 
the enclosure of a number of microscopic particles of water in the 
quartz of granite appears to indicate that, in some cases at any 
rate, water must have b(^en present at the time of its formation. 

The trappean rooks, as they were called hy the older 
geologists, form a -convenient field-group of rocks of ^medium 
cryst^line grain, occurring in dykes and sheets. Most doleriteS 
and diabases come under this bead 
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*■ Plagioclaoe i&<dudM all those felspars in which the two principal cleavage planes are not . at right angles to 
another; they^ contain luqci aoda, or noth) in their ooinpo8ition« Orthoclaae is a potash felspar with rsotang 
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Volcanio rooks are those which have reached the surface^ 
either through volcanoes or simple fissures, and have been 
distributed as lava streams or as volcanic dust, &c, ; they have 
very marked difierences in structure, dependent upon their 
chemical composition. The trachytes contain a large propor- 
tion of silica, and are generally of a grey colour ; they consist of 
hornblende and sauidine, which is a transparent variety of ortho^ 
clase. It must be remembered that in true trachytes nofiee qitartz 
occurs, and that when quartz crystals are developed, or when 
there is an excess of silica in the glassy ground, the rock 
beiOomes a rhyolite. On the other hand, there is a series of 
basic volcanic rocks in which the percentage of silica is not 
high, and these are known coll{;ctively as basalts. Basalt 
consists of augite and magnetite, with a certain quantity of one 
of the triclinic felspars, and, generally, olivine ; these rocks are 
named basalt, anamesite, or dolerite, according as they are fine 
grained, of medium, or distinctly crystalline structure. There is 
also a series of intermediate rocks between trachytes and basalts, 
known as andesites, in which the hornblende-andesites consist 
of hornblende and a triclinic felspar, and are allied to the 
diorites ; whilst the augite-andesites are very closely allied^to 
the basalts, but contain more silica in their composition. 


Sedimentary Eocss. 

The meohanioally formed sedimentary rocks consist of mud, 
clay, sand, and gravel, together with their corresponding shales, 
slates, sandstones, and conglomerates, which have been produced 
by consolidation of the sediments. They are also at times 
changed, by a process of metamorphism, analogous to what takes 
place in the formation of granite, to schists, gneiss, or quartsite. 

The orga^ioally formed rocks comprise limestones and coals, 
the former being produced by the accumulation of the shells of 
molluscs, <kc., which have extracted lime from tlie water to form 
their covering; the latter, by the growth, decay, and submer- 
gence of trees and plants.. Besides th^e, certain beds, such as 
gypsuni, . magnesian limestone, and ; rock^saltt have been pre- 
cipitated from solution m inland wafers, such as the Dead Sea, 
or Great Salt^Iiake of Utah. 

Movement^; of the Bookis^ — ^These varied rooks which have 
either, as the sedimen^ry .deposits,' been formed , under water, 
or, as the eruptive rdoks, in^ded through other beds at all 
times during the geological history of the Barth, have, since their 
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fortnatioQ, been subjected to numerous changes. Some hare been 
raked'from the sea without being tilted to any extent from their 
original horizoutal position; others have been folded into moat 
fantastic shapes; and Others again have been completely in- 
verted. In other cases, movements which have taken plaCb 
since the rocks became solidified have caused fractures, and by 
the rocks on one side of the crack sliding on those bn the other, 
faults have been produced. 

Without entering into any of the theories which have been 
propounded to account for these movements, it may be stated 
that, even at the present day, great and important movements 
of the land are continually taking place. ; in some parts the land 
is slowly rising from the sea ; in others, a continued but gradual 
subsidence is going on. Earthquakes, moreover, produce slight 
oscillations of the land, and thus a redistribution of the land and 
sea is in constant progress. 

There is ample evidence, in the occurrence of fossiliferous 
rocks which enter into the • structure of important' mountain 
ranges, that these oscillations of the land have also occurred 
in the past, and the l^arying angles at which the different 
sedimentary rocks are lying show that in many cases they 
must have been subjected to a lateral pressure, which has 
produced the crumpling of the rocks already referred to, and, 
in some cases, the dislocations or faults which have also been 
mentioned. 

VWhere the rocks have been folded in the form of an arch, 
they are said to form an anticlinal ; and where they occupy a 
basin, they are spoken of as forming a synclinaL Widespread 
folds of the foregoing nature are called ge-antiolinals and 
geo-synolinals respectively ; and it is interesting to note that 
in the areas occupied by ge-anticlinals the rocks are generally 
so much broken and jointed that they offer great facilities for 
removal by the ordinary denuding agents ; hence it is hardly to 
be wondered at that ge-anticlinals generally occupy valleys and 
depressions on the present surface of the earth. Not only is 
this tl)e case with large structural movements, hut the ordinary 
anticlines and synches, which are ^bf more loofd character, 
are found to exhibit the same peewarity; for the synclines 
generally constitute - the hills, while the anticlines ' occupy the 
valleys. ^ V ' . ^ '■ 

deologioal Obsetvatioriir in is not 

necessarjafor the pibs^tor to acotuate^^^ surveys 

of the country on which Hb is engaged, it is very often of im- 
portance for him to obtain some idea of its structure ; as ffpon 
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tbia may frequently depend the value, or other vrise, of special 
areas to which he may be inclined to devote his attention. 
More especially, in stratified deposits, such as coal, is this of 
importance ; but, even when dealing with lodes, it is frequently 
useful to study the distribution of the rocks in order to discover 
what effect those of different nature exert upon the mineral 
deposits. 

In examining the surface of a country in which the rocks are 
of sedimentary origin, it will be found, as a rule, that the beds 
are inclined at varying angles to the horizon, and in making a 
geological survey of any special district it is necessary to note 
the dip and strike of the rocks at every available point. When 
any well-marked bed occurs, sucb^ for instance, as a seam of 



Fig. 1. — Plan. 

coal or belt of conglomerate or limestone, its line of outcrop 
should be carefully followed and mapped ; the boundaries of any 
eruptive rocks should also be clearly delineated on the plan. 

The , strike of a rock is the direction of a horizontal line in 
any of the beds; or, in other words, the direction m which a 
level drive would be put in on the floor of the bed* The dip 
is a line at right angles to the strike on the plane of the beds, 
and the fuigle is to be measured in relatioj^to the horizon. 

When any particular bed is followed pn die surface, it is 
often ipnhii that it does not continue with the same strike for 
any great djists^ce j that^ in fact, it gradually veers round, as 
shown at '(a) in the sketch, the direction of the dip changing at 
the same time. By a study of fi plan thus made theepositions 
of the anticlines and synelines can be determined, and other 
linefi of elevation can also be noted ; and a section constructed^ 
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such as the. following, which serves to convey a very 
accurate conception of the structure of the country. As a 
matter of fact^ the boundaries of rocks are sometimes rather 
obscure in consequence of the variable movements which have 
occurred ; but the occurrence of faults and dykes is what makes 
this tracing of boundaries on the surface' most difficult The 



displacements due to faults may be only an inch or so, or ma^ 
be several hundred feet ; while in a few .exceptional cases, as, 
for instance, in the fault which crosses Scotland from Dunbar to 
the Ayrshire coast, the displacement may be as much as two or 
even three miles. 

A study of faults is of very great importance, more especially 
on account of their close association with mineral lodes ; but 
faults should never be assumed for the purpose of explaining 
difficulties which are encountered in mapping the surface geology, 
unless very good evidence of their existence can be found, and 
until every other means of explanation of the phenomena haa 
been tried and found wanting. 
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CHAPTER II. 

THE DETEBMINATION OF MINERALS. 

The determination of the more important minerals which’ may 
be met with deserves special attention at the outset of the 
subject, and the present chapter will be devoted to the simpler 
means of distinguishing them. It is not, however, intended to 
encroach upon the detailed study of mineralogy, on which sub- 
ject the many valuable treatises published can be consulted. 

When minerals occur in a sufficiently pure state, they are 
generally crystallised more or less perfectly, in certain definite 
forms — e.^., pyritABy calcitBy and garnet — but many minerals, 
especially those forming sedimentary rocks, are. composed of 
very minute grains, in which either the crystalline form hhs 
been imperfectly developed or the minerals are altogether 
amorphous — e.^., earthy UmeBtoney coaly and moBsive pyrites, A 
few are incapable of crystallisation — e,g,y amber and Hmonite. 

Mineralogy treats only of natural inorganic substances which 
have the same composition throughout ; but rocks, which may 
be composed of several minerals, either crystallised or not, some- 
times exhibit on a large scale regular forms, which must not 
be considered as due to crystallisation, but to the process of 
cooling ; or to cooling and drying, and the consequent contrac- 
tion. Compact basalt, for instance, which has been formed in 
a molten state, is frequently divid^ during cooling into more 
or less regular prisms, whum are often six sided ; and some of 
the extensive beds of gypsum near Paris have, in drying, 
assumed the form of huge jpri8matie.{>iUi^nt 

There are certain phym^ of minerals which are 

of importance in their detekminattmti^ i||ardifig whidi a few 
notes will be of interest. ' ' 

SwOCtuuEr ^ . 

When minerals do not occur either in isolated crystals or in 
distinct groups, but consist of sg^egated crystalling or compact 
imrtlcles, they affect different kinds of structure ; and this struc- 
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tare, besides assisting in tlie determination 6fi minerals, is of 
economic importance ; for on it de^nds the value oi^ certain, 
minerals for ornamental purposes. 

Granular Structure, of which sandstone may be tak^n as 
a type, is produced by more or less rounded grains being 
cemented together. A coarse ^anular structure is .b^st sj3en 
in chrome iron>ore, in which the grains, since they are not 
cleavable/can bo noticed at once. . Galena and zinc blende are* 
often more or less granular; but, since both these minerals 
cleave readily, the fracture is lamellar when the grain of the 
ore is coarse. < If, however, they are fine grained, these, in coming 
with many othei^ ores — e.g., copper glance, cinnabar, ipyrrhotine, 
and, more rarely, enargite and stihnUe — exhibit a fine granular 
structure, and , are sometimes* so fine grained as to approach 
more or less perfectly to a compact texture. 

Saooharoid Structure. — When the mineral is compb^sed of 
small crystalline grains, showing facets and cleaylig4»si, the 
structure is called saooharoid — e.g,, etatuary and 

alahaaUr, ^ 

IiameUar — ^When the crystalMe "partides are 
minute and fiat, boiug laid one on the otheri 'tjbe structure is 
terihed scaly 7 -c.p.» chlorite, \ while a true laxuellar! or laminar 
foliated structure, which is best seen in mica, also 

exists in molybdenite, and more rarely, and in a leas perfect 
manner, in nickel glance, » , 

Capillary structure is best illustrated by aeilmtoe, the fibres 
of which are readily separable; but a similar structu^ may be 
noticed in some specimens of mitterite, the fibres being pasily 
separable, but small, brittle, and generally radiating. Only a 
few other minerals possessing this structure coi^ld be hientioned, 
and an equally small number occur in velvety or tufi^like ex* 
cresoences. 

Kbrous atruoturo is the term employed describe those 
minerals in which the fibres cannot be easily separated, and is 
generally to be observed in sQ^mdrats crystallised in a lode 
perpendicular to the walls of the^:^ufe> but is sometimes 
developed parallel to the emim^radia^g groups. In 

the first two ca^es^e id which 

forms small veins inj,jaerpm#fie, only a rarefy of ser- 
pentine itself; and aM mmeiuls 

which sometimes Strdojb*^^ wt dq, wf ordinarily 

possess it;^both fibrbua C^iq^and* fi^ns 
called saiin^ar, and are cut ks om^ents. The fibrous radiate 
structure ia ^on spicuons iU malaSite, tcood itn^ and some 
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iujematites ; is well ir^irked in stalactites of calciie, baryias, and 
calamhie, while gothite, spherosi urite^ and apatite may also be 
mentioned as occurring in radiating fibrous forms. Minerals 
possessing this radiate structure are often called ** concretions,” 
but many concretions consist of concentric layers where there is 
no sign of crystallisation, and must, therefore, be distinguished 
from those in which crystallisation exists. 

' Radiate Structure is not only found in minerals formed of 
minute needle-sJiapcd crystals, but stout prismatic crystals with 
pyramidal ends are sometimes arranged in radiating groups, as in 
the case of amethyst quartz when crystallised in vughs or cavities 
in rocks or lodes. Pyrites also, and azurite^ when found in balls 
which have crystallised in a semi-liquid mud, exhibit the above 
structure. When radiating crystals assume a slender prismatic 
form they diverge from one another, sending their needle-shaped 
projections in every direction around the centre, like spines on a 
sea urchin ; pyrolusUe^ stihniie^ and natrolite occur in sucli forms. 

Bacillary Structure is tho term used to describe those 
minerals which occur grouped in bundles like sticks — e.g.^Epidote, 

Dendritic Structure, — Where many crystals are attached 
one to the other, like beads in a necklace, and especially where 
these diverge like the branchcis of a tree, they are called 
dendritic. Native copper, silver, and gold frequently occur in 
this form, and oxides of iron and manganese are often found in 
the joints of rocks crystallised in the most beautiful fern-like 
forms. 

Concretionary Structure is affected by uncrystalliaerl minerals 
•wliich have grown from a centre in concentric layers ; and may 
Also be seen in certain rocks — e.g.y basalts^ sandstones, (kc., in which 
decomposition has taken place around centres. Where nodules 
have grown around a centre in mud or loose sand, the form is 
spherical or nearly so. Many valuable ores of iron occur in 
spht»rical forms ; .extensive deposits (oolitic iron) formed entirely 
of small grains occur in the Jurassic system of Europe ; pisolitic 
ores, in which the grains are the size of a pea, are found in the 
Tertiary rocks, and similar ores also occur in serpentine. In 
the J iirassic system, politic limestones composed of small perfectly 
round grains of carbonate of lime occur, and a similar structure 
is developed in the calcareous sand on the shores of the Great 
Salt Lake at Utah. 

The centre of these nodules is sometimes formed of a mineral 
grain, and very often of a fossil plant, fish, or shel^ In slaty 
rocks the nodules are fiattened and irregular in shape, and are 
.^metimes mistaken for fossils. 
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Mahimillary Structure. — When concretions have been 
formed at the same time around several centres, which are at 
regular distances apart, a mammillary structure is induced — e.y., 
■cJtalcedony^ wliich is very variable in form and size; different 
xnodihcations are described as botryoidal (like a bunch of 
grapes', renlform (kidney-like), <kc. 

Nodules of ironstone with fossil fish occur in the Carbonifer- 
ous and Poriniaii systems of Europe, and nodules of cement stone 
in the Cretaceous rock of New Zealand. When deposition takes 
place around a stick, the concretion has the form of a cylinder, 
this structure being very common in som(i bog iron ores ; and 
earthy cobalt ores are found under the same conditions in New 
Caledonia, where they*occur pi a decomposed diorite associated 
with serpentine, and have accumulated around the roots of 
existing trees. Concretions of manganese ore are also formed 
in the d(!pths of the sea. 

Vitreous Structure. — WJ)cn minerals exhibit no sign of 
crystallisation they arc called amorphous ; and some which do 
not possess the power of crystallising can be distinguished ae 
having a compact or vitreous structure — e,g., amber. 

Cleavage. 

Crystallised minerals have a tendency to split more readily 
in some directions than in oth^ers ; this property is termed 
cleavage. In some minerals th(5 cleavages are so easy that, 
in transparent varieties, the planes of cleavage can be seen 
thrt)Ugh the crystals, this being often the case in Iceland-spar^ 
•orthochise^ and barytes. 

In the cube and rhomhohedron, in which the faces are all of 
tlie same shape, then? are three directions of cleavage parallel 
to the sides — e.g.y galena and rock-salt in the cube, and calcitej 
dolomite, and siderite in the rhombohedron. Thes(> cleavages 
are very apparent and are good characters for recognition of 
these minerals. 

The most useful instance of cleavage is that which occurs in 
tlie diamond, in which th^re is an easy cleavage parallel to the 
sides of the octjfliedron ; advantage is taken of this property in 
shaping diamonds for cutting. If the blade of a knife is applied 
in the proper direction, a smart blow will effect the cleavage. 

In six-sided prisms there is an easy cleavage parallel to the 
base in segne minerals — e.g., beryl or emerald and apatite. 

In the rhombic prism there is also frequently an easy cleavage 
parallel to the base — e.g., topaz and talc. Barytes, which cryst^- 

« 2 
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Uses in modified rhombic prisms, has two easy cleavages parallel 
to the sides of the prism, and one parallel to the base. 

In the oblique prisms of ortlwclase there are two easy cleavages, 
one ffe-rallel to the base and another at right angles to the first 
and parallel to the oblique diagonal. They are at right angles 
to one another, hence the name of the mineral. 

Cleavage is also a property of certain rocks — slates — and 
is most perfectly developed in roofing sjates of good quality. 
In quarrying sandstones advantage is taken of the joints of the 
rock to divide it into building stones and slabs of different 
thickness, which have subsequently to be dressed on tin* sides 
as required ; but these properties of jointing and cleavage in 
rocks are of quite different origin from thb cleavage of minerals, 
being duo entirely to stress or pressure in various directions 
after the consolidation of the rocks, and have no relation 
whatever to the composition of the rocks, whereas, cleavage 
in minerals is a structural peculiarity, which is constant in 
certain mineral species. 


Lustre. 


The term lustre is employed by mineralogists to describe, 
with certain adjectives, the brilliancy or gloss of any substance. 
In describing the lustre, well-known substances are taken as 
the types, and such terms as adamantine lustre (diamond-like) 
and vitreous lustre (glassy) are used. When minerals do not 
possess any lustre at all they are described as “dull.” The 
lustre of a mineral is quite independent of its colour. 

The terms usually employed to describe the lustre of minerals 
are as follows ; — 


]. Metallic. 

2. Semi-metallic. 
.3. Adamantine. 

4. Vitreous. 


5. Resinous. 

6. Greasy. 

7. Nacreous. 
S. Silky. 


These terms are purely arbitrary for> although a plate of 
2 )olished silver may be takeu as the best type of metallic lustre, 
this is also exhibited by all the me^ls itrespective of their colour, 
and l;pr inu$t xnet^Itc sulphides, siiob as pyAtes^ stibnite^ <kc.; 
hence no ctistinct line can be diiiiwu between those minerals pos- 
sessing a lUetalUc lustre. a^dithose coming tthder the sub-metallic 
group, of whie|iL be taken as types. 

The lustre of minerals will, frequently vary — t 

(а) As they are more or less impure. 

(б) As other physical properties vary. 
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In illustration of the first class of variations, window glass 
may be taken as the type of vitreous lustre ; but glass can be 
made to exhibit a lustre approaching that of the diamond, 
mother of pearl, opal, &c., by tlie admixture of certain chemical 
substances. Something approaching an adamantine lustre can 
be imparted to glass by lead, and the same elFect can also be 
obtained, although with greater intensity, by substituting the 
rare metal thallium, which is very closely allied to lead in ita 
chemical properties. Very good imitations of the diamond are 
made in this way, which are sometimes difficult to detect by a 
superficial examination. . 

The second class of variations may be illustrated by gypsum, 
which has a vitreous lustre when crystallised, but a silky lustre 
wlien fibrous. 

Many minerals possess a different lustre on different faces;. 
piirosmalite, for instance, which crystallises in the form of a six- 
.sided prism, has a semi-metallic lustre on the aides, while the 
ends are greasy or nacreous. 

Calcite and gypsum are vitreous on some faces, and nacreous 
on others ; and the same may be said of celestine, orpiment, and 
ortJhoclase. 

The lustlre of minerals may be taken advantage of for the first 
subdivision in a scheme for recognition ; and for this purpose it 
is only necessary to divide them into those which have a metallic 
lustre and those which no not possess this property. 

Metallic and Semi-Metallic Lustre.— The first term needs 
no definition ; all metals in the native or pure state, and especi- 
ally the noble metals, exhibit tliis quality in the highest degree, 
and are, indeed, so briglit when polished that they can reflect 
images perfectly. Some sulphides have a perfect metallic lustre, 
and iron pyrites was formerly used by the Indians of South 
America to make their mirrors^ All metallic sulphides have a 
metallic lustre, with the exception of zinc bletide and cinnabar, 
which are adamantine; although some black varieties of zinc 
blende containing much iron, might be described as metallic- 
adamantine ; and haujsrite (sulphide xnanganese), which has 
•but an imperfect pietallic lustf^i. \ : 

Without Metallic Lustte*i-T^®^lC'^wi> inbludbs large 
number of minerals, any 

iiiid it will bo well at;^ld|Jpoint to to those Svhich 

possess an adamantine the 

most perftet type of adam^Mn^' lustre, although btber well* 
known minerals can also be considered as good illustrations — 
e,y., cassiteriie when in pure and shining crystals, and 

c 
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cerussiie. It may be well to again reiterate the fact that colour 
has nothing to do with this property of lustre. 

Most minerals whose lustre is adamantine are very heavy ; 
the diamond is lightest — sp. gr. 3‘6 ; then oefahedrite, hlende^ 
and gr. about 4. Between 4 and 6 sp. gr. 

another variety of titanic acid called nttile and also zircon 
occur ; between 6 and 0 sp. gr. vafentinite, cuprite, embolite, 
pyrargyrite, and prountite are found ; between 6 and 7 sp. gr. 
crocoisite, cerussiie, anglesite, and widfenite — all of which are 
lead minerals ; these and cahmel, or chloride of mercury, have 
ail adamantine lustre; and between 7 and 8 Sp. gr. may be 
noted cassiterite, or oxide of tin ; mimetiie, and pyromorphite — 
both of which are lead minerals;' v;olfrani, or the tungstate 
of iron and manganese, and cinnabar. A few of these — e.g., 
rutile, pyrargyrite, and wolfram — have a metallic adamantine 
lustre. 

Out of the twenty minerals mentioned above as possessing 
an adamantine lustre, the diamond is the only non-metallic 
mineral ; the remaining nineteen are metallic, and of. these 

6 aro compounds of lead, 

2 „ „ silver, 

2 H „ mercury. 

The remarkable property possessed by lead of imparting an 
adamantine lustre to minerals and artifeial products is well 
known, and is taken advantage of in the imitation of precious 
stones, but the greater the proportion of lead employed, the 
softer is the glass formed. 


Colour. 

The colour of minerals may be due to four different causes ; 
but in some cases it is difficult to say to which of these groups 
coloured minerals belong. 

Group 1. — Those in which the colour of a mineral is that 
which it would possess when pure, or when artificially formed. 

Group 2. — Those in which the colour is due to the mixture of 
substances crystallising ia the same form^ and replacing one 
another in the composition of a iniasral. 

Group S.-^$ho8eia the cplour ii( lilue to a small quan- 
tity of colouring in >:'^inera], by which its 

chemical comjpositlon is hht affecied. 

Group 4.~Tho5e in which -the dolour is due io a mechanical 
mixture of substance.s, which are not dissolved in the mineral, 
but coil' easily be distinguished on microscopical examination. 
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In %iis group are included those minerals whose colours are due 
to mere impregnation. 


Group 1. — The first group can be illustrated by the following 
examples : — 

Black. — Graphite, coal, and black oxide of copper. 

Blue. — Azurite and lapis lazuli. 

Green. — Malachite, libethenite, dioptase, atacamite, nickel 
ochre, texasite, and brornargyrite. 

Yellow.— Sulpht^r, amber, orpiment, and wulfenite. 

Orange. — lle^gar. 

Bed. — Cuprite, pyrargyrite, cinnabar, red ochre, and red 
haematite. • 

Fink. — Erythrine, diallogite, and rhodonite. 

White or Colourless. — Nearly all the alkaline and earthy 
minerals when pure — <3-^., barytes, gypsum, calcite, meerschaum, 
cryolite, and quartz. . ’ ^ 

It will be seen that nearly all coloured minerals of the first 
group are metallic, although none are included in the above list 
whose lustre is metallic ; they are, with few exceptions, 
^.nhydrous oxides of the metals, metallic sulphides, antimonides 
or arsenides. 

A few minerals possess a metallic lustre and characteristic 
colour, as follows ; — 

Violet to Copper Red or Violet Brown. — Erubescite or 
bornite. 

Indigo Blue (semi metallic). — Covelline. ‘ 

Greenish Grey. — Tin pyrites. 

Brass Yellow. — Millerite and copper pyrites. 

Copper Red. — Native copper. 

Light Copper Bed. — Nickeline, bre^auptite. 

Reddish Silver White. — Cobaltine. 


Reddish Brown (due to tarnish; normal colour on fracture, 
tin white to steel grey). — Domeykite. 

Yellowish Brown to Copper Red* — Pyrrhotine. 

Violet Brown. — Nickel pyrite^^ stembi^rglte. , - 

Brown Black.-r ilatoerite, / : ’ 

- 

Group 2.— The of due to the 

interchange of j[s6Ab^rj^h!Ptis.ri^|^^ of ; the carbon- 
ates of iron of lime {cakite)y 


and of magnesia and The two first are coloured, 

while the other two are colourless or white ; but, since they can 
replace one another in any proportion, siderite, which is yellowish. 
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and dialLogitey of a fleshy colour, will impart a shade of colour to 
^alcite or dolomite when combined with them, ^ 

Kerargyrite and hrorriargyrile are also isomorphous ; the tir.st 
is grey in colour, the second dark green ; and mixtures oi the 
two, or chlorobromides of silver termed emboiitey Jsc*., are of all 
shades from grey to dark green, according to the relative pro- 
portions of chlorine or bromine they contain. 

Group 3. — Very little seems to be known of those substances, 
a very small proportion of which at times impart bright colours 
to minerals. The colour so derived may be described as acci- 
dental, since the trace of colouring matter does not greatly affect 
the chemical composition of the mineral, and in this class may 
be included all tlie gems. Diamond^ which is colourless when 
(piite pure, is occasionally red or blue, and then attains a fabul- 
ous value •y but is more frequently yellowish, brown, or black. 
Corundum is commonly blue (sapphire)^ red (ruhy)^ more rarely 
yellow {oriental topdz)^ and still more rarely green {oriental 
emerald) or violet {oriental amethyst). 

Topaz is colourless, yellow, or light blue. , Esi^rald,# beryl, 
and aqua marine are the same species, but the flrst is of a rich 
deep green, and tlie others of a pale bluish-green colour. The 
colouring matter of the emerald is still uncertain, for, although 
some analysts are said to have found chromium present, the 
emerald loses its colour at a red heat, at which temperature 
oxide of chromium should not be destroyed ; this seems to 
suggest an organic matter as the colouring agent. 

Quartz, which in its pure state is colourless, often occurs 
milky, smoky, or black, more rarely yellowish (citrine quartz), 
imitating topaz or violet (amethyst). A crystallised variety 
from Spain is hyacintl^ed, and a compact variety pink. 

Amongst minerals other than gems three are most remark- 
able on account of the different colours' they assume, these arc 
fluor-spar, apatite, and rock-salt. Fluorspar and apatite occur 
in nearly the same shades of colour, ranging from, colourless to 
white, pink, red, yellow, giieen, blue, violet, and the intermediate 
hues. r;^, jeltow, and blue. 

A varietj^,,ot<^hoal^ apple-^een colour, 

is found substance is 

still 

It is p6^^ drawtea clear lino 

between thb coloured tninewd^.Grohps 2 and 3. If \Jhe most 
notable groups of the silicates be taken — e.g,, the hornVflendc, 
nugite, garnet, epidote, and tourmaline groups — it is found in 
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each while all the minerals composing the group obey the 
same laws of crystallisation, and only vary in composition within, 
certain limits, the minerals are white, colourless, or highly 
coloured, according to the proportion of colouring matter, chiefly 
oxides iron, manganese, "^and chromium, present. In the 
hornblende group there are white, or nearly white, varieties 
{asbestos and tremolite)', which do not contain iron ; an inter- 
mediate variety {acHnolite), which contains a small quantity of 
iron, is green; and a third variety {hornblende)^ which contains 
a large proportion of iron, is black, or nearly black. 

In the augite group there is a variety {diopsido) which is 
generally transparent, colourless, or pale green, ana contains 
only traces of iron ; while two other varieties are nearly black, 
and contain large proportions of iron and manganese. 

In the garnek group there is a variety {girossularia) which is 
white or very pale green, and contains very little iron ; a red 
variety {almandine)^ used as a gem, and containing much iron ; 
a black variety {melcmite), also containing mueh irbn; and a 
green variety {iiimrowiie), containing much chromiumv 

In the tomufualino group the substances which impart colour 
arp more,<]J^^lt to determine precisely. TUbse. containing 
much iron ^e brown or black; the green contains iron and 
manganese ; the red contains manganese and no iron ; and the 
colourless contains no iron, and only a trace of manganese. All 
the colourless and light-coloured red and green vmeties also 
contain lithia. 

Group 4. — The substance which most frequently colouhi rocks 
and minerals mechanically is oxide of iron, imparting a brownish 
or red colour to earthy-looking minerals and rocks, and it is to 
this also that the yellowish and reddish colours, of some sand- 
stones and limestones, used for buildilig purposes, is due; 
although, in some marbles, the colour is said to be derived from 
organic matter. ^ . 

The nickel ore of New Caledonia,, wbioh consists of silica, 
magnesia, and oxide of nickel, seems tio bt^ m some yanetie^ at 
least, only siUca^ of ma^elda;impire^imt^iwf^ o nickel. 

In some mines ^.he 
free from 

through all under 

the microscope in 
grains theough the wHl b| xna " ' 

In some cobalt and nickel mihes in Germany stalactites of 
carbonate of lime are coloured pink by a mechanical impreg- 
nation of arseniate of cobalt* a 
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The silicates and carbonates of zinc are white when pufe, but 
the presence of iron as a mixture often gives them a yellow 
colour ; and calamine, when blue, is coloured by copper. 

Hardness. 

The hardest substance known in nature is the diamond ; all 
other minerals can be scratched by it. Between this and the 
softest — ia^c and Iwrn-silver — certain minerals have been 
chosen to form a series called the scale of hardness, which is 
of great use in the determination of minerals. It need hardly 
be added that the true hardness of a mineral is that which it 
exhibits when approximately pure, and is best tested in 
crystallised varieties. 

Scale of Habdness. 

a Oy5»iim } by the nail. 

3. Calcite ) 

4. Fluor-spar > Scratched by steel of ordinary hardness. 

6. Apatite ) ^ 

6. Orthoclase— Scratched by well tempered 8tj|sl*^not 

by window glass. 

7. Quartz. 

8. Topaz. 

9. Corundum. 

10. Diamond. 

In descriptive books of mineralogy the hardness of minerals 
is always expressed by numbers ; thus, cJi/romite H. 5-5, signifies 
that this mineral will scratch apatite, but can be scratched by 
orthoclade. 

Some prcc{kutions are necessary when testing the hardness of 
any mineral. The scratch should be made on a smooth clear 
surface and with a sharp edge or angle of the scratching mimTal. 
It often happens, if the mineral experimented upon is the 
liarder, that, instead of a scratch, a line of dust is left on its 
surface. This should be carefully wiped away, when it will bo 
easily seen that no scratch has been produced on the harder 
mineral, and that the edge of the other has been blunted. Tliis 
is what would happen if an attempt were made to scratch t()i).iz 
with quartz or corundum with topaz. 

Streak. 

In testing the hardness ot minerals another character of im- 
portance — viz., the streak or colour of the dust formed when a 
mineral is either scratched or powdered, may be observed. 
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A few minerals which are malleable — cojyper gldnce and 
silver glance — as well as the malleable metals thombolves, instead 
of giving a dust when scratched afford a shining streak. The 
streak, however, of most minerals is of a lighter colour than the 
mineral itself. 

A certain number of minerals with metallic or semi-metallic 
lustre are difficult to distinguish hy their mere appearance, 
their colour ranging from siivor-white to iron-black. For a 
discrimination of these their streak is frequently of value, and 
the preceding table will be of service in distinguishing them. 

Regarding these it may be noted that siibnite frequently has a 
blacki^ tarnish, hismuthine and domeykite have a yellowisli iride- 
scent, smaltine has sometimes a greyish iridescent tarnish, while 
gersdorffite and occasionally galena are tarnished grey or greyish 
black, Polyhasite ivL ^mfxW crystals is red by transmitted light 
and the dust of enargite has a metallic lustre. Among the 
softest minerals a few aie malleable like wax — ozokerite and 
horn-silver ; whilst others are composed of particles or lamella* 

slightly cohesive that they separate when either twched or 
rubbed, and soil the fingers more or less T^^^y>^s,g^^wmyhdcniiey 
sarihy manganese^ red and yellow ochreSy steatite, graphite, 

Flexibility and Elasticity, 

Some minerals can be easily bent without breaking — e.g., talc, 
mica, chlorite, molybdenite, native stiver, <fec. Those that, after 
being bent, can resume their former shape like a steel spring 
are called elastic — e.g,, mica, and elaterite- A remarkable 
instance of flexibility, even combined with elasticity, amongst 
the rocks m that of a micaceous sandstone from Brazil called 
itacolumite,%\iic\i is the matrix of the diamonds there. 

Malleability, 

Malleable substances can be hammered out without breaking, 
and it is on this quality that the value of certain metals in the 
arts depends — e,g,, copper, silver, gold, lead, iron, &c. 

, A few are malleable and at the same tim^ seciile, that is to 
say, can ^ cut “with a knife— eiUver glance, hom-silver, 
and ozokeri^, ^ 

Mineral ciBa}n1s(^ouc (elalerite) ia sCctUe, bt^like india rubber, 
can only be sbepea yvbap, hOl* Tbb eUtotiomjr of elaterite is so 
characteristic that the mineral iHU bo 'readily recogrftsed. 

Ductility or the ca|)abiUty of being drawn into wire is a 
property which is confined exclusively to certain metals. It is 
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possessed by gold iu the highest degree, since that iiietal can be 
drawn into the finest wire or rolled into leaves of such fineness 
that 30,000 of them are not thicker than an eighth of an inch. 

Smell. 

A few minerals only, like bitumen, have a strong smell, 
which is readily recognised; but specimens generally require 
to be struck with a hatfimer, rubbed or breathed upon, before 
any smell can observed. Some black limestones have a 
bituminous odoun some have a sulphurous, and others 

a foetid smell; hyfbrknlic limestone has a smell of clay, v^hich 
can be detected Vrtren the mineral is breathed on. Some 
minerals containipgmnch arsenic — 7nispickel — smell of garlic 
when struck with a hammer. > ^ ^ ' 

; ' * ' ' , . Taste. 

Only solubl^i^ minerals have any taste, and tbia can only be 
described by o^parison with well-known substances-^»y., acid, 
•vitriol; . fi^l- ammoniac ; salt, rock-salt; odoling, 

nitre; aatrl^i^t, alum; metallic astringent, sulphate of 
copper ; bitieri Sulphate of magnesia ; sweet, borax.. 

Specific Gravity. 

Prospectors soon acquire some proficiency in testing the weight 
of minerals by handling them, and a little practice with well- 
known substances will enable them to class most mini^als witliin 
certain broad limits by this system of observation. The specific 
gravity of a miuetai is its weight compared with water at 
Standard tempei^ure and pressure, wliich is taken w the 
standard, andyd^Cribikl as having a specijpc. gravity of 1 con- 
sequently, of a mineral' it is neoessaiy find 

the weight ^ of the mineral and tba^qf a,cori;je^j^ 
bulk of water, sifid to di^de the firstby ; tv L ? ' ^ , 

This can be ' 

delicate^balano^ ^^ .%y^^^j,^^jt^^^t^^ 

under three group^s^^^^^^^^^-^anj?iin^^ 

tive from the lightest to the heaviest. This list does not include 
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all the TninoraJs mentioned in this book, but may be t&en as a 
scale which will serve for purposes of comparison with other 
minerals : — 

Group 1. — SpeoifLo Gravity less than 8'6.— Amber, bitumen, 
lignite, coal, natron, sal-ammoniac, borax, Epsom salt, anthracite, 
potash alum, copperas, saltpetre, sulphate ol zinc, sulphur, nitrate 
of soda, chabazite, graphite, sulpha!^ of copper, rock salt, opal, 
gypsum, harmotoinc, quartz, orihoclase, lapis lazuli, serpentine, 
beryl, emerald, vivianite, cordierite, albite, anbrthite, labradorite, 
alunite, talc, steatite, calcite and marble, cryolite, dolomite, 
magnesite, aragonite, mica, fluor-spar, tourmaline, turquoise, 
anhydrite, nephrite {jade\ apatite, andalusite, calamine, epidote, 
hornblende, augite. , 

Group 2. — Speoiflo Gravity between 3*5 and 8'5, — Topaz, 
diamond, olivine, diallogite, realgar and orpiment, spinel, 
pleonaste, strontianitc*, chrysoberyl, rhodonite, azurite, spathic 
iron, limonite, blende, celestine, garnet, goethite, corundum, 
malachite, copper- pyrites, psilomolane, brookite, rutile, willemite, 
siiiithsoiiite, witlierite, manganite, tennantite, chromite, tin 
pyrites, molybdenite, magnetic pyrites, barytes, stibnite, zircon, 
hausmannite, braunite, pyrolusite, pyrites, magnetite, *tetra-» 
hedrito, Iwmatite, kerargyrite, prouetite, arsenic {metalUc)^^ 
boriiite, pyrarg\rite, inispickel, cobaltine, cuprite, gersdorflite, 
anglesite, stephanite, tellurium, pitchblende, ocrossite, bismuth 
glance, antimony (inetaliir), chloanthite, smaltine, tinstone, 
bisninthite, argentite, wolfram, nickeline, galena, cinnabar. 

Group 3.- -Specific Gravity over 8*5.^Copper, bismuth, 
silver, mercury, clectruni, gold, platinum, iridium^ 

A lough idea of the .specific gravity of minerals can be arrived 
at by washing in the tin dish, and this process, which is under- 
stood by cveiy prospector, and in whose hands it con be made to 
yield the best results, will give sufficiently accurate results for 
the determination of the most common minerals. In all pro- 
cesses of ore concentration, based on specific gravity, the larger 
stones are separated mechanically at the outset, and the grains 
of sand, in wliich the final concentration takes place, are of more 
or less uniform size. In dressing tin, and lead or^ this sorting 
is frequently effected by metallic sieves fornSing the bottoms of 
jiggers. ' !Fhe sorting in a tin dish is effissted by ^picking out the 
larger stbnei by luin<lj('bu| in testing tho specific gravity of 
minerals tfiev shbuld boiidlvided, in the mt fiostonce, into regu- 
lar sizes by s^ng. purpoSe tivo sieves Vilkbe sufficient, 

one with eight holes, the Other with sixteen holes to the linear 
iueb ; then all which will pass through the coarser sieve, but not 
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through*^ 4 he finer, will be of sufficiently uniform size for the tests 
required. 

The lighter portions will fii^t be separated by washing ; these 
will consist of shale* ferruginous quartz, brown oxide of iron, 
pebbles of tourmaline^ mostly of a lower specific gravity 
than 3*5, and the hen^vier minerals which remain in the dish 
will be zineblende, magnetite, pyrites, hreiuatite, mispickel, 
tinstone, wolfram, gold, j^atinum, <fec. 

By a careful mampulAiibn of the dish in the manner generally 
adopted by miners iirlien showing the gold, these heavy minerals 
can be easily enough separated into three gi’oups, viz, i — ^gold, 
jdatinum, <ke., indiiding the minerals of group 3; tinstone, 
wolfram, <fec., inoludiitg the heavier minerals of group 2 j and 
zincblende, magnetite, hwmatite, mispickel, Ac., including 
the lighter and medium minerals of group 2. 

Some of these minerals, mispickel for instance, can be tidily 
recognised, and, where this is the case, those which lie np- 
fitream and those below can be subdivided as being of greater 
or less speoifie 'gravity respectively than 6*3, which is the 
specific gravity of mispickel. Where the minerals in the dish 
« cannot bo teadily recognised, a few fragments of metallic anti- 
mony or zinc, or tinstone painted white (all of which have a 
specific gravity of about 7), should be introduced into the dish 


to serve as a gauge. 

Another way of dividing minerals according to their specihc 
crrAvity is by means of liquids of high density, those most 
convenient in practice being the Klein Solution (Cadmium 
Borotimgstate), and that suggested by Brauns, Methylene 
Iodide. The former can be diluted with distilled water, the 
latter only with benzole. The use of these liquids is discussed 
in most modern text-books of mineralogy or petrology, but the 
most simple method ol rapidly determining the specific gravity 
of small mineral grains, gems, dsc., is undoubtedly the Diffu^on 
Column, devised by Professor Sollas. A small quantity m the 
liquid selected, at its maximum density— say 5*3— is poured into 
a test-tube. A dilute solution of the same material is gently 
added to thi% fm floats Upon the top. left for 

from 12 to 24 hofirs, diffusion takes pliMJ* and rW£ S^las 
has shown that a.eoiUTOn of liquid w denS% df 

increaws with ^ 

known density, 

are dropped ^to leTcls. 

and will act as index-points. *An unknown grain, unless its 
density is greater than that of the'lowest layer of the column, 
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will float at a certain le\'ol, where the liquid is of flio same 
density as itself. Its sj)ccific gravity can bo found by measuring 
the distance between any two of the index-grains, from Avhich 
the increase of density can be determined for, say, every niilli- 
nietre that we descend in the column; the vertical distance of the 
unknown grain above or below one of the known ones will then 
serve, by a simple propprtion, to determine its specific gravity. 

It will be seen that nearly all the metallic minerals liave 
a specific gravity between 3*6 and 8‘6 — e.< 5 r,, copper pyrites, 
(lironiite, pyrolusite, stibnite, iron pyrites,, &C. — or are lighter 
than copper, Avhich stands by itself with a specific gravity of 
about 8*7. 

The heavier metals and metallic minerals have specific gravi- 
ties ranging from 9*5 to 19. They are few in numbei*, and will 
bo easily recognisecl. 

Jjastly, the few metallic minerals in Group 1, with low specific 
gravities, are sulphates, carbonates, silicates, and phosphates, 
which contain a large proportion of oxygen, and they often 
contain water in combination with them. Amongst these aro 
copperas, vivianite, dioptase, chrysocolla, azurite, <ko. ; none of 
them being compounds of minerals heavier^ than copper, and* this 
;‘or two diferent reasons. 

In the first place, a heavy ' metial, such as lead; even when 
oxidised, will still form a heavy mineral — cerussite or 
atiglersite ; and in the second, the noble metals, which are at 
ilie same time the heaviest, do not occur as oxidised - minerals, 
but are found only in combination with sulphur, chlorine, 
bromine, iodine, arsenic, antimony, or tellurium. 

Amongst the non-inetallic minerals a few are remarkable for 
their high specific gravity, in consequence of which they will be 
found to encroach upon the metallic series. 

TIjey are all found in mineral veins, although for one of tlu'in 
(celestine) tliis is the exception. Barytes is the ' heaviest ; its 
specific^gravity being about 4*7, or that of stibnite. Witherite 
lias a specific gravity of 4*3, or about that o^ tin pyrites. 
Celestine has a specific gravity equal to that of Idabandine ; and 
strontianite is nearly as heavy as carbonate iron, its specific 
gravity being 3*7. ^ 

The number of minerals whose specific gravity is not superior 
to 3*5 is far greater than all the me^llio, minerals ; but their 
importance is : not so great^ although /tbay iholudB all the com- 
bustible minerars, all the" soluble minerals, and illost of the 
earthy minerals; about half of them are silicates, all of which 
are l Acher hard. 
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The fighter minerals of this series are chiefly either com- 
bustible or soluble, the heaviest combustible minerals being 
diamond, with a specific gravity of 3*G ; graphite, 2'2 ; and 
sulphur, 2. 

Amongst the solpUe miner^ds the heaviest are sulphate of 
iron, l-'J, and sulphite of copper, 2*2. The others are all, or 
nearly all, alkaline ^Its; the heaviest being nitre or saltpetre 
with a specific gravity of about 2. 

Amongst the numerous class of silicates, including silica itself,, 
the lightest is opal :w’ith a specific gravity about' 2 ; then come 
the zeolites, whi^H arb hydrous silicates containing a certain 
proportion of the alkalies, soda, or potash, which make them 
very easily ffisible; and all of these have specific gravities rang- 
ing from 2 to 2*3; while quartz, on the importance of which 
mineral it is not necessary to insist, has an average specific 
gravity of 2*6. Nearly all the silicates, therefore, have specific 
gravities ranging between 2 and 3*5 ; but some are Waiter, 
such as zircon (the heaviest of the precious stones), which has a 
specific gravity between 4 and 4*7, ami chrysoberyl witli a 
.specific gravity between 3*6 and 3*8. 

, It will be seen from the foregoing remarks that the division 
of minerals' into three groups according to their specific gravity 
^will be easily m&de, and will be very useful far purjposes of 
idoiitification. 

Blowpipe Characters. 

Minerals may be ei|ihnr hydrous or anhydrous, and consist — 

1. Of elements alone ; e.y., native metals, ijold^ silver^ platinurriy 
etc., or sidphur. 

2. Of combinations of the other elements with oxygen forming 
oxides ; cuprite^ hmmatite, or q //Ctrl'::;. 

3. Of combinations of the other eleni mts with sulphur, anti- 
mony, arsenio, tellurium, chlorine, bro nine, or iodine forming 
sulphides, anUmonides, arsenides, tellurides, chlorides, bromides, 
or iodides ; pprites, iylvanite, herargyrke^ or emholite. 

4. Of combinations of a metallic oxide, or base with an oxidised 

non-metal lie eleihent or . acid forming, ^rbqhates, phosphates, 
sulphates, nitrat<M, hr sU^tes \ mmackit/e^ Kbeihemte^ pyro- 
morphite, diopiasei , ' v V ' ’ 

All chemical tcsfs for ininjpjrals,^ ,^Uethek the or 

in the wet way;^ is 

brought aboMt, tfius ^ acid to be 

recognised. These changes consist; either of the decomposition 
of the iniiicrai, or the formation of fresh compounds. The 
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folloving irxstauces will sufHciently illustrate the* chaflioter of 
these changes. 

If the oxide of a metal, copper for instance, is mixed with 
carbonate of soda and fused on charcoal, the copper is reduced 
to a metallic state, the oxygen combines witii the charcoal to 
form carbonic acid, which goes away as a gas, and any silica 
wliich is present decomposes the carbonate of soda to form a 
silicate of soda, wJii^i may be looked upon as a slag. 

If a hydrous mineral is heated in’ a glass tube, closed at one 
end, the water is given oft* and condenses as drops in the cool 
part of the tube. ^ 

If an arseuic^l^ jrtiineral — c.^., 'mispickel — is heated in a closed 
tube a crystallini deposit of arsenic is formed in the*tube ; but if 
it is heated in tl^ air, white fumes of arseuious acid are evolved 
which smell Hkrfgarlic. 

If a drop of hydrochloric acid bo placed on a carbonate, such 
aa Ihnestone, the presence of <;arbonic acid is recognised by the 
eft'ervescence which takes place, the stronger acia having com- 
bined with the lime has liberated the carbonic acid in a gaseous 
form. In the case of very many mineral carbonates, the acid 
requires to be heated for this reaction. 

Ilie discrimination of miuora].s will form the basis the 
determihationx)f tlie value of an ore ; for if, by washing in a tin ^ 
disii, a Goar.seIy pulveri^etl sample of ore which is known to 
certain galena and copper pyrites, the. j)ercentage of each of these 
minerals, which can be easily separated and roughly weighed, 

, can lie ascertained it will Ixi possible to calculate the projmrtions 
of lead and copper within ccitaiu limits, and if either silvtir or 
gold, or both of these metals, be present in the ore, these can b(! 
estimated in the concentrated galena and pyrites. 

Assays are not only purely chemical or metallurgical, for in 
certain cases they can be made mechanically, as in tlic washing 
process for gold oi* tin ; and when ores are employed for certain 
purposes in the arts, their properties for these purposes can bo 
tested on a small scale without any chemical analysis at all, 
and quite enough information can be gained to show whether the 
ore is worthy of any further chemical treatment. . . 

The Blowpipe and /Lamp or Can^e. — ^The common numth 
blowpipe sold by wholesale druggists, or the one used by jewel- 
lers, will answer all the jpturposes of the prospedior ; ora very 
useful and cheap blpypipe '‘case, known ^ tliWSociety of Arts' 
blowpipe case, can W ob^ined. The cheap 1b!owjj,ipe intcuded 
for miiieralogical tests is made conical, and sufiiciently large 
from the mouth end to the extremity (which connects with the 
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small directed towards the flame), for the moisture to ac- 
cumulate ill the widest part, as otherwise it would spoil the 
test. It is necessary, of course, from time to time, to shako the 
blowpipe and expel the Vatcr. \ * 

A common cand^ Will sufficient in most oa^s, but 

for reductions of .%:h6n a hotter and more powerful flame 

is required, a mixth^'of methylated spirit or alcohol with tur- 
p<*ntine or benzihO will be necessary. According to the strength 
of the spirit, the p^-oportions will be from 6 to 12 parts, of spirit 
to 1 part of turpentine, or about 4 parts of spirit to 1 of benzine. 
Tins mixture Can be burnt in the common glass spirit lamp used 
by chemists, bat with a flat wick fitting in a suitable socket, and 
of about half an inch in widtji by one-fifth of an inch in thick- 
ness. 

The Use of the. Blowpipe requires great pr^tice, and it is 



Fig. 3. — Oxidising and Fusing Flame. 



J?lg 4.-«-BedTieing Flame, 


probably not so difficult' to explain. The 
blast is not obtained by sending air direct from the lungs, but 
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by accumulating it in tho mouth, tJie cheeks being inflated, and 
then sending the air into the blowpipe by Llie action of the 
muscles of the cheeks. The operations wliich have to be con- 
ducted with the blowpipe consist of fusions, oxidations, and 
reductions. Fusion will require the use of the hottest part of 
the flame ; oxidation, a sufficient access of air into that part of 
the flame in which the assay is placed; and reduction will 
require air to be excluded from the assay, in which case the 
combustible materials in the flame which require oxygen to 
burn them will extract that oxygen from the mineral being 
tested. 

The foregoing drawings illustrate the diflerent results, either 
oxidising or r^ucing, which can be obtained by the use of the 
blowpipe. 

The Oxidising and Fusing Flame. — The wick should be 
cut a-fresh, parallel to tho inclined rim or socket, if the lamp is 
used, since a charred wick will produce bright yellow bands in 
the blue cone of the flame, which are rich in carbon and possess 
a reducing action. The nozzle of the blowpipe must be placed 
a little in the flame, and nearly touching the wick, so as to send 
the air into the middle of the flame. The blast should be mgdcj*- 
atoly strong, and the inner part of the flame produced will be a 
lor;g pointed bluish cone, which is a little brighter near the 
point; the outer part will be very thin and pointed, of a light 
blue colour, and scarcely visible. The bright point of the inner 
cone is the .hottest part, and in it tho minerals to be fused will 
be placed, whilst those to be oxidised will be held a little beyond 
this point in the outer flame wliere the oxygen is plentiful. 

The Beducing Flame. -The flame of tho lamp or candle 
should be stronger than in the flrst instance ; and, if possilde, 
the blowpipe should be used with a smaller aperture, or the 
blast should be moderate, so as to obtain but an imperfect com- 
bustion. At the same time, the point of the blowpipe must not 
penetrate into the flame, and the air should pass . a little above 
the wick. The flame will then take the shape of a long, bright 
cone^ surrounded by a pale blue flame slightly, visible, the 
obscure inner part being shorter than in the oxidising flame. 

B0&^?it».-<TThe only reagents which ^ absolutely 

necessary are borax, carbonate of soda (caleinied), and, rarely, 
microcosmic salt, nitrate of cbbalt, and a l.ittl.o‘Jhy4rochloric and 
sulphuric acid^ A few others o^a^pimlly necessary, but 
their use is limited. ' i'!’ V' ' ' :/ V' ' * ♦ 

Accessories. — Some platinum wire, platinum forceps, a small 
pestle and mortar made of agate, a small sieve, a maguct, some 
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sTiuiU gkss tubes, and some good linn charcoal, practically com- 
plete the necessary equipme.nt. 

FusibUity,--The with which minerals are 

fused, while not a&octing their, chemical composition,^ is fre- 
quently of use in th^& ^Jisorimi^^ Nearly all the sulphides 
are fusible — and pyrites; and some silicates contain- 
ing so(hi or potaijh also very easily fusible — many 

oxides are infttsible-^a.y., chromite and corundum-* m.siso are 
many silicates, c^bohates, sulphates, &c., containing dxides of 
alumina, magnesia,' dime, &c., in considerable quantities. Zinc 
forms many infusible compouhds, and sulphide of ziiic oi;:^ zinc- 
hhnde is tho only .infusible sulphide. 

As a rulej minerals coniposed of several oxides are mqjre. easily 
fusible than ^hose in which only one of the infusible bxides is 
{)resent. The following is the scale of fusibility generally 
adopted for purposes of comparison: — 

1 . Stibnite*r—¥nBeB easily in the candle flame. 
jVatrolite . — Fuses in the candle flame. 

3. Almandine yamet^YusQS easily even in large fragments 
, before the blowpipe. 

• 1 . ITornAl^iide, \ 

var; Actinolite. ^ Fuse more or Joss easily befdte the 

5. 07*thoclasej I blowpipe in minute fragments, 

var, Adularia. ) 

0. Bronzite . — Small Iragmonts are only rounded on the edges 
before the blowpipe. 

7. Quartz . — ;lnfusiblo in tho ordinary blowpipe flame. 

^.'OLOUR OP Blowpipe Flamk. — Oortain minerals, when heated 
before the blowpipe, impart characteristic colours to the flame. 
Tho mineral should be used in small scales or fine powder. In 
the first case it should bo held by the platinum forcep^ .and in 
the second taken up on red-hot platinum wire. In both cases 
the platinum must be quite clean, and impart no colour itself to 
tlie reducing flame. Platinum is best cleaned by hesMn^it red 
hot, and plunging^it into sulphuric acid. ^ ^ ; 

Flame colourrtests can be made either by stmnj^y 
mineral in the , reducing flame, moistening wltn 
acid, and heading ^gain ; or, which is. l^etter, if tW wm^ 
candle be trimmu^^very ^hqrt^^^nd the/m&^ra^^ 
then brought color- 

ation is observable as a flash whidb, ia very distinctive 

Tlie flame colorations are as follow ; — 
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Red Flame. — Strontiay JAm% or Lithia. — Of these, tj|ie lime 
fla!no is yellowish-red, and that of strontia and lithia purple-red. 
The strontia coloration does not dlj^ppear when looked at 
through blue glass (coloured with col>alt}, while that produced 
by lime and lithia is extinguished. 

Yellow Flame. — AJl compounds containing soda. 

Green Flame. — Minerals containing baryta — harytes and 
wiiJwrite — give a yellowish-green flame. 

Minerals containing copper (except in the presence of chlorine 
or bromine) colour the flame emerald-green. 

Phosphates — e.g.^ apatite, and pyromorphite ^ — when moistened 
with sulphuric acid and held so as scarcely to touch the borders 
of the flame, impart to it a ycry pale bluish-green coiour. 
Borates moistened with sulphuric acid and held in the flamo 
ot the spirit lamp, without blowing, colour it green approaching 
emerald in tint. 

Blue Flame. — Chloride of copper gives a blue f^nie with a 
purple border, and bromide of copper greenish-blue. All copper 
minerals moistened with hydrochloric acid yield this reaction. 

Violet Flame.-— Some minerals containing potash colour 
the flame violet, but tlio smallest trace of soda is suflicient to 
destroy this colour. If a strip of blue glass is used a beautiful 
purple colour is seen through it. 

Colour op Borax Beads. — A looj) having been made in the 
platinum wire, suflicient borax should be taken up and fused in 
the looi* to form a clear traiisi)arent bead. A small quantity 
of the mineral to be tested being fused with this, the bead will 
be coloured if certain sub.slances are present. It should be 
understood that in applying colour tests either with bonax 
beads or flames the minerals must be pure, because when com- 
plex compounds are treatt?d the different colours are liable to 
obscure one another. Consequently, colour tests are only 
characteristic for minerals which are not too complex in com- 
position. The following are the characteristic colours of borax 
beads : — ^ 

Cobalt. — Bead of a deep blue colour in both oxidising and 
reducing flame. 

Copjpor^Beisul blue in oxidising flame, atld red And opaque 
in the reducing flame. 

Titanates and Tungstate. — Bead colourless in the oxidising 
flame, and violet-blue in the reducing flame* . ' 

Manganese.— Bead violet in the oxidising .flamd. and colour- 
less in the reducing flamel 

RTickel. — In the oxidising flame the bead is violet when hot, 
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and pafcv reddish-brown when cold. In the reducing flame the 
bead becomes grey from the reduction of nickel oxide to the 
metallic state. c ' : ■ ' / ■ ' „ 

Chromium. — ^Thd ft always green. 

Uranium. — Bead yellow in bkidising flame, and green in 
reducing flame. , . ^ ' 

Iron.— In the oxidising flame the bead is yellow to red while 
liot, and from colourless to yellow when cold. In the r^ucing 
flame the bead Is bottle green. ^ 

Colours OF Migrocosmic Salt Brads. — This salt ia not so 
often used as borax; it requii*es the loop of the platinum wire, 
and consequently the bead, to be much smaller, aa otherwise, 
the fused salt' being more liqjiid, it would not adhete^ to the 
wire. With-'few exceptions, the colours imparted by metallic 
oxides are the same as those already mentioned for bprax, but 
they are often more vivid. 

AVith microcosmio salt iron giv(»s, in the reducing flame, a 
reddish b^ad; whilst with borax, in the same circumstances, it 
it bottle green. Uranium, instead of a yellow bead in the 
oxidising flame, gives a green one. 

Tpsts oh Charcoal. — One of t he most ’‘useful and practical 
tests for minerals is that which can be made with a piece of 
eUnreoal, or even a small wooden stick put in a solution of 
carbonate of soda and burnt at one end. A small hole is made 
at one extremity of the charcoal, and a ydece of the mineral, 
about the size of a mustard seed, put into it. Some minerals 
possessing an easy cleavage decrepitate or fly when heated before 
the blowpipe, anti they will have to be used in powder. 

The fusibility of the mineral will, of course, be observed, but 
the principal characters that can be detected depend chiefly 
upon the easy reduction, oxidation, or volatility of certain sub- 
stances. A few give off a characteristic smell on volatilisation. 
Minerals which contain sulphur, as sulphides, yield fumes with 
tlio smell of burning sulphur; arsenic gives a smell of garlic; 
and selenium one ol horse radish. 

^ome metals of easy reduction, but which uxiiitc quickly, with 
oxygon at a high temperature, yield only a pulverulent coating 
of oxide. Zinc gives a yellow coating when hot, which beanies 
win' to when <xdd. Cadmium gives a brownish-yellow coating. 
Other metals giye,:at tha same time, a metallic bead ^hd a 
coating of oxido.^; A bead of IcatJ will be known by ;it»; malle- 
ability and ta yellow on '^pharcoal. Bismuth is brittle, 

ami the coating is yellow; antimony is also brittle, but the 
coating is white. 
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Metals can be reduced without giving coating when they 
are not easily oxidisablo, such a$ gold, or copper. It is 

very easy to observe the lualleability of a thus formed by 

striking it ^yith a small hammer on a cleaib surface of an anvil. 

Some, iron minerals, especially ud ^some compounds 

of niokel and cobalt give, when frybntainin^ charcoal, a partly 
reduced grain which is attracted baryta - 1 

Tests on Charcoal with SMa. — Certain 

metals of less easy reduction obtained in the metallic 

state by mixing them with carl^onato of soda in fine powder and 
treating them on charcoal with the blowpipe^., the minerals 
mentioned under the foregr Jing division will exhibit the same 
characters, and will be mo.fo easgly reduced than with charcoal 
alone. / . ^ 

Tinstone, which is oxide of tin, mineralogically calleil 
cassiterite, is very ;Vifiicult to reduce on charcoal with Ciirbonatc 
alone; but with rjjyanide of potassium it is easily reduced in 
small globules, wh^icli can be llattenod out in the agate mortar 
in water, and an-c5 easily recognised. 

Sulphates — e y*? haryUs, alnniu^ anglmte^ <fcc. — when 

fused with of soda on charcoal are reduced witl\ th(j 

formation of sulphide of soda (a mass of liver dolour called 
hepar). If tY o fused mass be placed on a clean silver coin with 
a drop of wa it will leave a black stain of sulphide of silver. 

Tests Carbonate of Soda and Nitre. — ^Manganese and 
chromium rJiay bo detected when heated on a piece of earthen- 
ware or p latinum, after having been mixed with the above 
reagents, I >y forming, the first a green, and the second a yellow 
mass. N itre is necessary in these tests as, containing a large 
quantity ;of oxygen, it supplies it for the formation of the com- 
pounds, which are both salts containing a largO ^Vqportion of 
oxygen— /viz. , manganate and chromate of soda. 

Testae Nitrate of Cobalt. — Nitrate of cobalt idissolvec I 
in watj^jr, and used in exceedingly small quantity,: Helps to dis 
crimin'^te between certain white minerals — e,g^^ hd^Un^ mtier- 
schauTi/^ nf^^dsite, dolomite^ &c. The mineral , uj reduced i<> 
powcibtt tod moistened with a drop of a very light ,s6|btion, and 
then Jh^tod before the oxidising flamjB of the blowpipe: Kaolin 
and thinerals containing alumina aasitmp blue 

colou h ]^hile n^eersebaum and other minerals containing mag- 
ftaia^ become flesh coloured. ; Oxide of. siin^v under the same 
M'a^stanbes^ .b6<;i0iEhes witli the 

less in coating obtained bn cH^fcoal by reducing an ore of ydne 
Nickbrtonate of soda. 
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Tests in* Glass Tubes. — ^These can be better made over a 
spirit lamp, so as tp, avo^ deposit of soot on the glass ; but 
they can also be ,p^ade Vith the blowpipe £anie,, p^^^idc^ it is 
used carefully, ayoiSiii^' sudden a . heat^ .whiSh '"Willd break 
or fuse the glas^£::|Ehp prei^lihee of* water in ipinLeralaV^ll be 
detected in thitf Vay, i^d the water collects in small drops in the 
cold part of the* ttiW, Hydrous minerals which are^Jikely to 
give this result wilV be easily found in the list of miner^s; 

Some minei^ars containing sulphur, arsenic* ahtixndn^, tel- 
lurium, and . selenium often give a characteristic deposit/ " 

Minerals ^Obtaining mercury can also be tested in tbifii^Way, as 
by adding a. li^e carbonate of soda, sometimes witli cyanide of 
potassium, a subiimiate of metallic mercury will be formed in the 
cold part of the tube. A liltle charcoal should be added to 
arsenical mibeitnls. 

Organic combustible minerals generally leave a deposit of 
carbonaceous matter at the bottom of the tube, and theArplatile 
hydrocarbons Condense in the cooler part ; the tube should there- 
fore always be long enough to allow for this condensation. 
Minerals which yield a characteristic smell will bo best tested in 
this way. 

s Determination op Minerals. 

The present scheme will be found to answer in most cases for 
the identidcation of minerals of common occurrence, but will not 
discriminate between the many rarer species. Fully a thousand 
minerals hav.e been described from time to time, but in this book 
it is not proposed to deal with more than about one hundred 
wliich atfe common occurrence. In any case, however, the 
system adOpt^ will give some clue as to the ndture of an ore. 

The physiK^ chaiacters already described may, in some oases, 
render it' uiinecessary to follow out the course of the tables given 
below, but, . when any doubt exists, tlu^ systematic tests enumer- 
ated are 'best 'Allowed. ^ . 

Minerals h^ve been divided for purposes of idenUficatiop into 

/ i(n)* Minerals with metallic lustre. ^ ; 

^ ^ . 

Some dptt^ful;;p^^ ^ex^ibiting a semirmej^^^ustre — 
e.(/., gri^upsi^ '.-..v.,-' • ^ 

An attexnpt ha^ useful 

minerals, so that each group odulS lie easily recognised by one or 



40 


PROSPEGTINQ FOR UINBRAT.S. 


more characters. All the ores of copper, for instance, , yield a 
bead of copper when treated on charcoal with soda before the 
blowpipe,, so that the group of copper minerals can be separated 
at once atid , the different minerals identified in the manner 
described in the chapter on Copper Ores. 

Many minerals are mentioned in the tables which have no 
apparent value to the prospector, but had a scheme of deter- 
mination been drawn up for only the most common minerals, 
say fifty in. number, mistakes would have been unavoidable 
when any rarer minerals, not so included, were found. In the 
present scheme all minerals of any importance to the prospector 
arc included as well as many which, while of no economic im- 
portance, are likely to be met with, and no time will be lost in 
discrimination if the directions are intelligently followed. As 
regards the metallic ores, they can be classed as silver, co[)por, 
lead, 4;c., without pushing the inquiry any further if it is only 
desired to form an estimate of the nature of the ore and not to 
determine the mineral species. 

Although, as already stated, some of the mineralf included in 
the tables would not, at first sight, appear to be of any import- 
ance to the prospector, they are, many of them* of indirect 
importance as constituents of certain rocks. It will, be seen 
how intimately connected with the difibrent min<Jr#i|i depo.sits 
are the characters of the rocks in which they occur, and a 
prospector who would acquire the scientific knowledge which 
underlies his business must learn to distinguish the different 
classes of rocks, the first step towards which is the recognition 
of the minerals composing them. It is perfectly true that in 
prospecting for valuable ores a thorough knowledge of the 
eruptive and other rocks is of scarcely less importance than the 
discrimination of the ores themselves. * * 


Minerals with Metallic Lustre. 

The native metals which are malleable may be redognised at 
once ; they are goldy silver^ and copper. M^cury and 

and tKi? rMive amdgams can also bo easily recogiii«<^. Siher 
glance alonC; Vhich is so pialleablo and sectllo^as to,.be.in 
for lead, would" have to jbe. ^further tested for with tho 

blowpipe to be identified with .certainty; biijb hatiye lead is 
extremely texe. atid silver ^lauce is not lik^y/t^ jSe'^nfoun 
with silver. Flatinurh will be rec^hi^ed by its infusibility 
before the blowpipe. 
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Minerals Fusidls or Volatile.. . 

I. Before h 

(a) With soda before fho Mowi>ipef i^^bead 

of copper (see ,CV>pper Oi^ am for ppl§ba8Ue)^f . 

(h) With hprctX'^ve, Wore the blowpipe, a blue beaa ihie to 

cobalt (see Cpbalt Ores). 

aV./i.— Some amet ores .oecMionally contain enough cobalt to. give this 
reaction, but otWwise they.give a brown bead. 

(o) Before blb^ipe, do not give the above results, but in a 
glass tube a^ord U cryajtalline sublimate of arsenic. 


If the mineral Efter having been heated for a long time before the. blow- 
pipe on chjareoah foelta to a black magnetic bead it is mUpicM; but if, in 
the tube, it is eoxhpletely volatile it is nadve arsenic. 


IT. Be/orf jhe blowpipCi give off abwubmt white fume$ without 
smelt, due to afUimony, 

N.B, — A- smell of eulphur or arsenic may sometimes be observed in 
minerals belonging to this group if these substances arc present in sufficient 
(quantities, but the white fumes of antimony are characteristic. At the 
commencement of the operation the charcoal is covered with a heavy* white 
coating which does not colour the flame ; but this must not be confounded 
* with the ashes of the charcoal which arc also white, but are very light, 

(а) With soda on charcoal give a bead of siber (see Silver 
Ore.s). 

(б) On charcoal with soda give a bead of copq)er after the 
load present has been oxidised ; loaves also a dark red coating 
on the charcoal (see Copper Ores ; bourn'mite). ' 

(f) On charcoal, before the blowpipe are almost, or entirely, 
volatile. 


Native antimony is entirely volatile, leaving a white coating;, there 
is no smell of Sulphur, and the metal is tin-white. / 

StlbnltO <see .Antimony Ores) is lead-grey to steebgrey, and Js also 
entirely volaj^d, bgt forma a black slag at first, and a smell of sulphur can 
also be detected, . 

Jamesohltd aM Zinckenite (see Lead Ores) are lead minerAls con- 
taining antimony,^ are not of common occurrence, -and are* not entirely 
volatile. Wiih spda they afibrd a bead of lead as also a amell'Ofi buming 
8iil]>luir, and, in the oxidising (lame, a yellow coating on cKarooaL ' ^ 
jV./f.-^ome galenas when mixed with stibnite the samdi^ett^tbns ; 
but galena will be Kieoguisedby lts three cu,bic^leavageo, whfle 
is not olcayabli^;tmdjaine,8opi^^^^ one cleav;^A ; \ 

III. white 

fumes, and treated mdi soda <m^ ^reo<A form an alkaline 
sulphide, y' ^ 
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X. B . — The bulk of carbonate of soda used should be thi^cc times that of 
the assay ; when the mass is melted it is separated from the charcoal with 
the point of a knife and placed on a silver coin with a drop of water. If 
sulphur 18 present a brown stain will be formed on the silver. 

{a) On chawoal with spda, before the bloAvpipe, give a bead of 
copper (see O^pper Ores and Silver Ores tor Strmieyerine). 

StPOinG^exdlie will be identified by dissolving in nitric acid and preci- 
pitating With salt, a white flocculent precipitate of chloride of silver being 
formed*^ 

(6) Oh charcoal with soda, before the blowpipe, §ive a bead of 
silver (see Silver Ores). * " 

Silver g'lance is easily scctile and very fusible. 

(c) On charcoal with soda, before the blowpipe,^ ^ve a malle- 
able bead of lead and, in oxidising flame, a yellow . coating in 
the charcoal (see Lead Ores — Oulena): 

(d) Treated as above give a brittle bead of metallic bismuth 

(see Bismuth Ores). ^ ; 

(e) Treated as above yield a magnetic masa 

MillePite (see Nickel Ores) is a rare mineral of a brass-yellow colour 
and occurs in capillary crystals. ' , ; 

Pyrites (see iron Ores) occurs as brilliant crystals or maosive of JV, light 
brass-yellow colour, and is hard enough to scratch glasSii 

Sternbergite (see Silver Ores) is of a bronze-yellow colour, dqes not f 
scratch glass, and yields a magnetic bead containing silver. , 

NiCOpyPite (see Nickel Ores) is bronze-yellow or cojpper-red, does 
not scratch glass, and with niicrocosmic salt forms a bead which is red 
when hot, yellow when cold. 

PyPPhOtlne (see Iron Ores) i.s bronze-yellow 0E‘ copper-red,' does not 
scratch glass, and with microcosmic salt gives a green bead imthe reducing 
fl<ame, while fn the oxidising flame the colours are the same as for nico- 
pyrite. 

IV. On cluircoal, before the bloiv}/ipe^ a smell of horseradish is 
evolved due to selenium. '4 

Selenium occurs combined with lead, copper, mercury, anidallver forming 
minerals which are vciy rare, and are not again mentioueddn this book. 

charcoal before the blowpipe^ give a toldie ffofdimg which 
lecom^ green or g^reenis/Mue before the reducing ffoiho: 

Whan haat^ in a glass tube wdth excess of concentrated ahlphnric acid 
the sehiUon asaumes a j>urple or hyacinth colour, v^hioh. dUappears when 
water Is a grei^ish- black dust falling to the bbttbhi.ot the tube. 

This dust is t^vn^m, a rare metal wliich occurs in mf^y iahlitrala, especi- 
ally with silver, :!jg0ld, aud l^d (see Tellurium 0ms);, 4^1. ■ 

few ^ o not 

answer to any of the fc^sg^iTJ^ charact^s (md will be considered 
Itere. ' ' . ' 
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(a) ll^eddish silver-white, brittle; specific gravity 9*7 (heavier 



(c) Black, not infuriblC;; . ' 

Wolfram (M6;Ti^Ri^eii).is dust dark brown-red oir jl>rO:$^'*black 
with a semi-metiidlie"lustrcr~; iO specific gravity is'7 to 7’5; and' it Visible 
to a magnetic globule tfith crystalline surface. 

Hseznatito (fee Irto Ores) is black to red in colour and l^be- dust red. 
It is practically h^uble, but before the reducing flame becomes inij^etic. 

Magnetite' (mrlrbn ' Ot^es) is black Jmnd the dust is bt^liL f it ie maij- 
netic, and fusible ^th difficulty. . 

Psilomelane (ace Manffanese Ores) is black, and the dust is black ; with 
borax it givee aMblet bead due to manganese ; or a green mass' with nitre 
and carbonate. Ot Boda. ‘ ' : ' 


MlNERAli INPHSIBLB OR FUSTBLE WITH MORE blPPlOULTY 
d'HAN OrTHOCLASE — NOT VOLATILE. 

I. On cliarooctlf in reducing Jla^ne^ become magnetic^ or are 
magnetic in their natural etate (see Iron Ores). 

— ^tanib^ irpn and some chromites would bo includedHiere ; 
zincblende ^metimes contains enough iron to become magnetic under the 
• above circumstances, but if treated with hydrochloric acid zinoblendo 
evolves a shiell of rotten eggs due to sulphuretted hydrogen. 

II. With iorax a small quantity of the mineral gives a violet 
head ; does not become magnetic as above (seo Manganese Ores). 

III. Minerals v)h\ch do not answer to the above characters^ 

(а) Miig^raln pitch black, hardness over 5. 

Chromite (tee Chromium Ores) ; powder, yellowish -brown. , 

Pitchblende (see Uranium Ores) ; powder, greenish -black. ^ . t 

(б) MihU^rai^ lead-grey or iron-black, very soft, yill mark on 

paper like ^ 

Molybdeiilte : (see Molybdenum) is lead -grey in scaly and flexible 
laminie. / V : - * ’ - ^ ’ 

Graphite/fW Carbon) ; iron black, not generally scaly . 


Minerals without Metallic liustre. 

Hikerals Soluble in Water. 

T. Founds^ Mines, 

(a) Colour blue ; with soda on charcoal, before the blowpipe, 
yield a bead of copper ; sulphate of copper (see Copper Orot»). 
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(ft) Colour green ; with soda on charcoal, before the blowpipe, 
yield a magnetic mass ; sulphate 6f itov^ (see Iron Ores). 

(c) Generally colourless; found chiefly in old metallic mine.s ; 
before blowpipe, bn charcoal fuse, and give white incrustation, 
which turns green, with nitrate ofoob^t; goalarite (see Zinc 
Ores). 

The most common of the above metallic sulphates, and most likely to 
attract attention, is the sulphate of copper, but sulphate of iron is also 
common in some mines, and goslarite is not infrequently met with. 

II. jy^ot generally found in flUtallic mines. 

These are generally colourless, or are coloured in light shades; e.g.^ 
alum, POCk salt, &C. (see Soluble Salts). 


Minerals Insoluble in Water. 

I. Burn cr volatilise before the blowpipe, 

mineral harder than quartz will occur in this groupw 

(a) Smell of sulphur in burning. 

Native sulphur, characteristic yellow colour, and very brittle. 

Cinnabar (see Mercury Ores*) of a deep red colour, enthely vufatilo. 
With soda gives drops of meroury. 

(ft) Smell of garlic in burning; due to arsenic. 

Orplment (see Ar.senic Ores) of a yellow cclour, with a resinous, 
greasy, or nacreous lustre. 

Realgar (sec Arsenic Ores) of a red or orange colour, with a resinous 
or greasy lustre. 

(c) Volatilise, giving off dense white fumes. 

Ox^lcs of antimony (sec Antimony Ores). 

(d) Burn ^r volatilise without exhibiting the above peculi- 
arities. 

See Carbon Minerals. 

IL Bd/ore the blcnt^pipe melt more or less tasUy, p 

The least fusible mineral of this group is orthoclase, which fuses only 
when in small scales or fragments. All those minerals whicl:i ih very thin 
scalea can only be rounded on the edges wilt be considered* as ihjfiisible, or 
nearly so. ^ ‘ ' ■ . . , ^ 

(«) On" otocoal with soda, before the ‘ blo-itpipe^ yield a 
metallic ’b^i^ br' powder, •non-idgLagnetic., 

KerargyPit6,^d&C. (see ^ilvi^r Or^sb * yield a bciid' of "silver 

Atacamite, Malachite* (sec Copper Ores), yield a bead of copper, 
and colour the flame either blue or green. 
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Corussite, &C. (see Lead 0m)> yield a bead of lead. 

Bismuth Ochre (i^. Cm) yields a which is bidttle, but 

not magnetic. - V;'’ -v ■ 'p'"' * 

Molybdite (see Ke1y1i^dc^ilh7t>r^)ian0t redn^ to Abc^ b|»H; haa be 
obtained as a powder by Ashing the faced luass and wathlhj^f^ The 
mineral is eartl^ ,aadf yellow id eoloar, and the coating bedoesee^bhie in 
the reducing flames l3^t the colour is transient. , . . , ^ 

(b) On ;^ith soda yield a magnetic . is 

siwiKi times neoesshiry to reduce a considerable qudntihy before 
the magnotic'prppdrties can be observed. 

Cobalt Bld0m ,(Bee Cobalt Ores) and several arseniatos of Iron 
and niekOi (see Iron and Nickel Ores) afford a smell of garlic on ohdrcoal 
i)cfore the blowpipe, of which cobalt bloom may be distinguished by the 
blue coloration it unparts to the borax bead. 

The.'e are several other minerals which do not afford a amoll of girlie, as 
follows;— . . 

WolfT'am (see Tungsten) ; as heavy as tin ore. 

Vivianite ^seo Iron Ores) ; scratched by the nail and blue in colour. 

Siderlte (see iron Ores) ; scratched by a knife, buff in colour, and 
powder effervesces with hot acid. 

LepidOlita isee Micas) ; scratched by a knife ; colour, whitc^ violet, or 
pinkish ,* scaly before blowpipe ; colours the flame crimson. 

Earthy Rmmatite (see iron Ores) ; scratched by a knife ; gives a char- 
acteiYistio red streak and powder. 

, Rhodonite (see Manganese Ores) ; not scratched by a knife ; generally 
flesh red, powder rosy white ; with borax gives a violet bead due to man> 
gaiiesc, and a green mass with nitre and carbonate of soda. 

Garnets (see Gem Stone.s) are generally crystallised, and are harder 
than quarts: ‘ - 

N, A— There are some other silicates which occasionally give a magnetic 
glass when fused before tlie blowpipe— e.^., hornblende, aUfflte, and 
some other ferruginous minerals, such as black tourmaline ana epldote. 
Among the foregoing minerals lepidolite and rhodoniJ^O will only yield 
a magnetic pifUla in rare cases when they contain much iron, so. they will 
also appear in another group. 

(c) MiueraU which yield a coloured powder and on ^arcoal 
with soda dp not yield a metallic bead or magnetic mass. 

Ultramarine or Lapis Lazuli (see Gem stones) is blue, with a bluish- 
white powi^T, and can be .scratched by a knife. 

A'./i.— A. ^osely allied blue mineral, hauyne, answers, tq. this descrip- 
tion, but is. only found in volcanic rooks, and is transparent,, while lapis 
lazuli is opiMiUe* : . • . .j 

Rhodonite (see Manganese Ores) is not scratched by a knife, iigenerially 
flesh-red, ajad^ the, powder rosy-white, while it exhibits, the ma^g|i^e8e 
reactions with' bo^)c,,. Ac/ ' 'v 

Garnet(see 0eiinSj^hes)f generaUy red-brown or not 

scratched by |||ie hntfb V^etwily Qr;^t9lbsed ;,an4 sp^ifle gr^yityhiibut 4. 

Cassiterite (see Tin Ores) f^ivwi^ .brown^ Orange-yelloW'/in colour, or 
black with a light grey of brown powder f'eiwiiy reduced with cyanide of 
potassium on charcoal to metallic tin. 
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EpidOtO (see Gem Stones) occurs crystallised Jn prisms of a daiik pistacho 
green ; colour of powder, grey. 

(d) Mineralft Which yield a white pbwifer and on charcoal with 
soda <?0 not yield a metallic bead or magnetic masa. 

Boi^^ite (see (^em Stones) occurs crystallised in eu]b^t>'4pc.,and is about 
ii.8 liard a# quartz! ! ^ i 

TotlPinniine (see Gem Stones) occurs in prisms. Tbils division incliulc^ 
a gre^kt number of minerals which are scratched by quartz, 'fpmc of wliich 
are csompoundB of lime, baryta, strontia, &c., such as anhydrite, selenite or 
gypsum, barytes, strontianite, witberite, cryolite, fluor spar, and apatite, 
none of which, with the exception of fluor spar and apatite, M harder than 
bary^8^ It also includes a still greater number of silic^tiW, which all, 
with few exceptions — e.g.^ lepidolite and magnesite^IwO harder than 
barytes, and most of them harder than fluor epar. These two divisions 
Avill be considered separately, under insoluble SaltS and sillcates, and 
they may mostly be recognised by their physical characters and the colours 
they impart to the blowpipe flame. *; 

III. , Before, the blov:pipe, infusible ; or fusible more dijfi- 
vnlty tJian orihxiclase., being only rounded on the edg^, when used 
in very thin scales. ' , « 

{a) Afi hard as quartz or liarder than quartz. 

aV.i?.— -All the gems proper are to bo included here, except , which 

is scratched by quartz ; and tourmaline, which, in some varieti^/ts fusible. 
Tin ore is sometimes as hard as quartz, and being fusible, with great difli* 
cutty might be found here. Jt will be reduced on charcoal with cyanide of 
potassium. 

AndalUSite (sec Gem Stones) is usually found in stout Jiq^are prisms ; 
w ith Ultimate of cobalt on charcoal the powder assumes a bine. colour. 

Disthene or Cyan! to (see Gem stones) also assumes a blue colour witli 
nitrate of cobalt, and usually occurs in flattened prisms which are white or 
blue in colour. 

Quartz and the other g’ems do not assume a blue colour with nitrate 
of cobalt. 

{b) Scratched by quartz ; powder or streak colou;i^d.r 

Slderite (see iron Ores) ; powder light brown ; effervems with hydro- 
chloric acid when w'armed. 

DiallDgite (see Manganese Ores); powder reddish -whitp: borax bead 
violet. ' ' ' ‘ ‘ 

Limonito or Brown Haematite (see Iron Ores) ;.p6wder yellowish- 
browii^ usually kidney shaped, concretionary or st(daetitiq;<bp charcoal 
withjB<^a forms a magnetic mass. 

Bog^ Iron; Qro («ee iron Ores) ; powder ochre-yeUb’wj miilOral earthy. 
On charcoal with soda forms a magnetic mass. ! v ; ' v 

GhromltO (see Chromium); powder brown ; ''i^neTa]^^ wdth a 
lustre apptoaebihg metallic ; borax beads greCo.,.. with soda 

forms a ma^ti^io mass. > fc ' ' ' 

Pitchblonde (see Utiihiu^ pm);f ' i^9er 'o^ colours 

bead of miorocosmic Salt gt^^n wben cbldV' On charcoal with soda docs 
not form a magnetic massr ‘ 
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CassiteFlte (fieo Tin light grey or bi^pwn; yields 

metallic tin with cyanid^ .qf p.ot^inin.Qn.<^arc(;»aK ^ . 

Chlorite (see Silioi^ ^ of } * ' c^lonr; ; 

mineral, ^^een in -V:. ■ 

iV^.yi.-~Highly vjQ^Qtirod Ve^^ wiU .gi^’ a yeijjr, or 

powder, muoh tK«n thp aeep green or hroM^n pf'! tfrA nad it 

will appear {kraotim^ V^rhite compared with the oolot^r 'of tll^ it^lf . 

Some serpentined 4^ th« nickel nrea of New Caledonia (eiUea^;^ Nickel 
and magnesia) #ill\be doubtful in this case, and theref6^^,haW'el9<>^^ea 
included in the ndxt grbup of the table. The nickel ore' ia a^le^^een ; 
its powder is ughter, but becomes green again when^istened. 

Among the difit^^:^l 7 coloured serpentines, those altered by ei^pdsUl^ (wd 
exhibiting a,rU8^, dpK^ur will give a very light, but still yellowieh^ ^^r^ak. 

(c) Semtobf^b^ p[tiartz ; powder or streak* white or. v6ry palo 
green. ' ^ ' 

Mineral^'cotttaiialogr alumina in considerable quantity in 

powder assume s blue colour with nitrate of cohalt on charcoal. . ; ■ / 

Zinc Milies^S under the same conditions assume a green coloiir. 

Some Magnesia Minerals under the same conditions assnine arosy 
hue. * - , ' ' V ■ ■ 

Strontiahlte (see Insoluble Salts) effervosues with acid and colours .the 
blowpipe dame criniBon. 

Calcite Insoluble Salts) eiTcrvcsces with acid and colours the blow- 
pipe f^ime yeUowtsh-rcd. 

BarytC^lOlte (see insoluble Salts) effervesces with acid and ccdoUra 
• the blow'^pi]^ dame first rod and then yellow'ish-green. ' ' 

Dolomite (see Insoluble Salts) effervesces with acid only when^heoted* 
and has a characteristio pearly lustre. ' 

Apatite* Mi^, Cassiterlte, Rutile, Serpentine, and Silicate of 
Nickel do not efiervesce with acid and will be found under their respective 
groups. : ' ' ' . , . 

In illustration of the use of tliest) tables, .a crystal of cqrU89it& 
or carbonate of lead may be taken, nmi it will bo found—. ' 

1. It is a mineral without metallic lustre. , ; 

2. It iEf ifi[s6luble in water. 

3. It doee.not burn or volatilise. 

4. Befoi*(e,the bjowpipe it melts more or les.s easily. > • : 

5. On ckarcqal with soda it yields a metallic, bead which i» 

not magnetic. . r V . 

6. The liead is lead, being malleable and giving a yellow 

coating charcoal. The mineral, therefore, ; belongs to >he 
lead ores, aud'a reference to the chapter devoted ' to .lei^ 
easily diStingu^h; cerussite from other lead .minei^l^^ 
effervesces go with hydrophlpric . iboid, if 

warmed., '■ . . ‘'K:'/*’''' 
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CHAPTER III. 

ROCKrFbRMIKa MIN^EALS and NON-MCTAl^ta minerals of 

OOU31ERCIAL VAI^VK. 

It ja diflicult to separate these two different claaa^s of minerals, 
as some which form extensive rock deposits are commercially 
valuable; besides which it is inadvisable for purposes of dis- 
crimination to treat them separately. 

Soluble Salts are not of common occurrence,* although some, 
like rock salt, occur as beds of gn^at commercial value in secli- 
mentary formations; while others, as natron or carbonate of 
soda, occur as surface efTlorescrOices in^ dry countries, such as 
Egypt, where they have no chance of being dissolved and carried 
away by rain.* The varied uses of rock salt are well known; 
its principal application is in the soda industries, *but the con- 
sumption for domestic purposes is also considerable, / 

The most important potash mineral, carliallite' (which is a 
<jhloride of potassium and inagncsium), occurs in the upper beds 
of rock salt at Stassfurt in Germany, and is scarcely known else- 
where; while the most important mineral source^ of nitre is 
jOLltratine, or cubic nitre, a nitrate of soda found in Peru and 
<;JhiH, the working of which has during late years formed a most 
imp'^rtant and remunerative industry. In the district of Tara- 
paoa, at a heiglit of :^)300 feet above the sea, the ground has been 
for about 40 leagues covered with beds of this saltj which were 
nt places several feet in thickness, and associated with gypsum, 
common s?dt, Glauber salt, and the remains of recent shells. 

Sulphate of magnesia or Epsom salt, which is much used in 
medicine, occurs as an cfllorescence in mines, especially where 
pyrites has undergone decomposition in presence of magnesian 
rooks. It is also found in caves. 

Anpther soluble salt of value is borax whichJe found crystal- 
lis^ on the basins of dried-up lakes in Thibet California; 
in the latter locality, in the Calico district, sbbue important 
beds. of borate of lime are being worked which are interstratified 
with shulee.^ ' ' 

* A ,r6til^kMe deposit of Irona, a carbonate of soda bofUtaining loss 
water iAmllntilrm, o^nrs in A^air Bay in tbo' Onlf It is 

found Hft'A Giha's^frpm 12 Joches to 26. the surfac^e 

•of a siuall lake about 00; in extsdt, thb saturated 

wii h carhmate of soda?'., thft ,1^ a wide extent 

of sand dunes. The of the mother 

liquor Like ice on thu surhb^ of watery 
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The soluble jnetaJlipi^ts»,aTacha^ the sulphates of iron, copper, 
and zinc, are easily j af 6 iron 

pyrites, copper py^t(^,:^%jncbl^He 
frequently hi 

rendering 

8{>ain, the ri^p^^l^lle4 has been so naraed bli|^ 
of the copper lield in fliofutioh bjT 

It will understood that waters ciroulatm^;]^lout the 

surface of the ground dissolve some of these satis, ahdwhe^ they 
reach the siirM^sti? springs frequently contain a great0|r-toi^, less 
quantity pf, '^ett in solution. These mineral Sprihgii,' 
classified aCcox^ing to the minerals they hold in solution^ 

Earths Carbonates and Sulphates, with AFiTiTiii.. 

Fluor Spar, and Cryolite. 

In this group ^ are inchided fifteen minerals, only A few of 
which are very common — viz., calcite, gypsum, and magm^site, 
which are of universal occurrence; while some of the others are 
ahuiidant in certain localities. Cryolite is only known from 
Creeudand^.but being a valuable mineral it cannot bo omitted. 

Five non^^xnetallic minerals may be considered as lode-forming 
minerals ;■ the most inn>ortant of these — viz., quartz — will be 
subsequently described. The four others are calcite, barytes, 
witherite, and fluor spar; while others — c.y., apatiteT-H>ccur 
less frequently in reefs. ' 

Carbonate of lime crystallises in two distinct systems; apii the 
name of calcite or calc-spar is reserved for those ^iy'stals 
which, while occurring in a great variety of formSj,..eai:ivNall be 
reduced by cleavage to a rljombohedron. Calcite occurs in xeefs, 
and sometimes, especially in limestone countries, accpiUpauies 
auriferous quartz, and even carries gold itself, hs At .Gundagai 
and Tueha in JTew South Wales, and Gyinpie in' Qubeh'sland. 
It also occurs^cvystallised in rents and fissures in limestohe.. 
Although %ystallised calcite occurs in metalliferous yeipia in 
many cqUUtrios-TC.p., Derby.'^hire and Oumberland iUv England, 
and the Hartz in Germany — the largest crystals at^e’founid in 
Iceland, i»rh6Tre #*is very pure and transparent, , and is .^lied 
Iceland ^ sjpas% .It, exhibits the property of. double . se|i^^on 
most pei^f^ly;, that account is used iU^thW of 

some opti'oa|^inst|^hmj^i^,.]^rb|i;^biyjtce^^ 

natural cryltiilfr'^ttp'^C^ld’j^ife re- 

corded from there in single” ^hoim^oheardns si^ yards ttf length. 
The other species of carbdU^tO of lime is called aragonite 
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EARTHS OARBOKATjeS AND SULFHAJES, WITH APATITE, 
FLUOR SPAR, AND CRYOLITE. 



^ Hard* SpeciAo 

Compontion. OraTity, 


DolOttite, . 

♦ 

Maj^nente, . 
HydromagEJesite, 


Aragonite, . 
Strontiaoite, 
Witheriie, . 

Baiytocalcite, 
Anhydrite, . 


Celestme 


Flnor «par, . 

CiyoUte, . 

Apatite^ . 


Mg water | STj ^ 


S 1 Ca wdtci I 1 i -2 


Phosphate of 
Ca with 
fluoride or 
chloride of 






Ci^htalsofteii curved 
and aaddle shaped ; 
lustre pearly (pearl 
spat). 

In sorpentme, not 
common. 

Lustre sometimes 
naoreoua on clcav- 
age faces. 

If mimed gives lime j 
Prisms, often in 
groups, 

Lustro greasy on 
fracture. 

Lustre greasy on 
fracture $ occtp*s in 
veins. 

Needle shaped ; >el 
lowiSh»wbite. 
Generally found wi bh 
gypsum and rock 
salt. 

When burned swelL 
up, becomes opaque 
and forms plaster 
of Paris. 

Crystals white, often 
with a bluish tinge. 
Very heavy; occuis 
in veins. 

O^urs in veins ; 
phojphorescent 




Fusible in candle 
flame. 

Lustre greasy on 
^savage faces and 
frimtUre ; angles 
and edges often 
rounded. 


Alt Aluminium; Strontium; Ra, Barium; 

Calcium; Sodium. 
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• 'j'i ' - 

because &i«>me of the in 

Aragon in Spain 

i-adiated 

recently and it 

forms what 'Calcareous tufa or 

calcite ’ ‘ ' 

Before Sifagonite whitens and falls to 

in other resp^ts|^emb!6s calcite. The reason for 
before the sBic^i^pe is explained by the fact thSt un^^the 
influence o^. JS^^kragonite is changed to calcite and’ splits ^up 
into a numl^r'OT lii^iall rhombohedrons. 

Limestq^S forjias extensive sedimentary deposits in heds pr^l 
ages, and '^^n s.ttl)jocted to motamorphic action takea.a crystal- 
liu(‘. form,, the pure varieties which are white and fine gViraed; 
and ar(3 suitable for statuary purposes, being called saOcbtirdid 
marble. Ifarbles assume every colour and shade acccrdtn^.to 
the substances which are mixed wdtli them ; in the Devonian 
and Carhpniferdus formations, whore fossil corals are pleuti^> 
marbles are found which exhibit, on polished sections, the star- 
like forms of the corals of which they are composed. When a 
.marble cohsisW. of broken fragments wliich have been S)i|b- 
.scquently!^ntohfed by an infiltration of carbonate of li]:a^:it 
called a bro^^ted marble. V 

Marbles’ which , are pure white or of a characteristic colour 
will always yaluable, but for a deposit to be properly worked 
tlic means of' transit must be eas}-. The stone must be 
from quartiC veins or fossils transformed into quartz, and- be 
easily ohtiabined in blocks or vslabs of largo size, suitable for 
ornamental !worh« Marble has to be sawn with toothjew sWne 
cutters, but' softer limestones, which have not beeh;^ me^^oi;- ' 
phosed, easily be cut with a toothed saw ; theseiloft^^ lime- 
stones amiii^fea freestones, and are used for buildiefg ph^b^es; 
ihoy u8uiillS‘,’i^hur in the later formations, such as the;. ^Ktie 
limestono 'of ,j|a.th, or the Oamani stone of Kew” Zealand.f;" ’ ! 

Ijitho^i^pi^ip. intone is a very compact and fme-gralned lime- 
stone, fr^'frpni ; veins and fossils, easily cut into Isrge' Bl^^ 
and of u ilij^Kcfolqur. A lithographic stone 
qiialities .^jn4^,;b]btfl^ned in many places, 'tod will 

inand • ' ' ' • 

burning for eontail^i^ltiliin 

proportions of other^mi^rt^iSrM^^^il^ the nianU' 

lacturo of hydrfiuUc lime Or cement; It is net, however, possible 
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for the prospector to doterinine these properties in tlie field, 
and samples should always bo submitted to a chemist, and, if 
suificient inducement offers, to cement manufacturers. 

The next most important mineral of this grotip is gypsum, 
which is extensively used for building purposes. It. is a li^drous 
sul))hate of lime, which loses its water and falh to powder when 
burnt 3 this powder, which is perfectly white when free from 
iron, possesses the property of re-absorbing the water lost, and 
ill a very short time of assuming again the solid state, ex- 
panding slightly in so doing, it is this last property iliat 
renders plaster of Paris so valuable for obtaining easts. 

Gypsum occurs in lenticular iimssos of considerable extent 
in the fresh-water Tertiary foriAation :it and near Paris. The 
large arrow-liead shaped orvhtals which are to bo .seen in all 
collections of mineral.s are exceptional in these deposits, ilu^ 
whole mass being in a compact sugar-like state. Gypsum also 
frequently exists in groups of cry.stal.s arranged around a centre, 
and Ls found in is( dated crystals in salt lakes, .such as occur in 
iSouth and AVestern Ausirali.i, a small proportion of sulphate of 
lime being present in tlio water. It is also found crystallisc'd 
in clay beds in New South \Val<*a and elsewhere. The in- 
cruijtations, which form in boilers on board .steamers, are mostly 
o^'inposed ot sfilpJjuto of lim»^. (•’yj).<?um is occasionally fouml 
in ndiics wlif‘re dec<uijposition of pyrites ha.s taken place in the 
j-rcsence of calc .spar or limestone. 

Anhydrite, wljicli diff^n-.s fn>Tii gypsum by the absence of 
water, occurs in rocks of vario^l^ ages, e.specially in limestoiK* 
and lho.so whicli coiitaiii gyp.su in. and i.s also %’ cry common in 
bf:d.s of rock .salt; gyp.suni is often found to jirocccd from tlie 
decomposition of anhydritt^ 

The librous structure and .silky appearauco of some minerals 
has already bcmi explained, and reference made to the occurremre* 
of calc spar and gyp.sum in this state, a.s w<dl as to their value, 
for ornamental ])urpo.sc.s. Thf; fine-grained forma of both the.-,(5 
minerals are sometinuv rjulh tl a)aba.ster, but the term is gener- 
ally applied to gypsum. Tlie two varieties can bo readily 
distinguished, as g\psiim can be scratchedt by the nail, while 
calcite cannot. 

Boloznite is carbonate of lime and magnesia,,. and crystal lise.s 
like calc spar. Dolornitic limestones contain variij^ble proportions 
of magnesia and lime. Very many limestones arc thus, partly 
or ‘wholly, dolornitic, and some of them burn to very good 
hydiJiuhc limc.s. The dolomitic limestone of Ohio, U.S. A,, i.s of 
special 'nterost a.s foiuning the reservoirs in which the petroleum 
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of that iield is stored, it being argued by geologists that the 
doloiuibisation has resjjjted in innumerable small cavities being 
lelt in the limestone, wbich enabled to aot like a s^onge. 

Magneslte is carbonate of dWgnesia. It is rarely crys^Uised, 
occtirs in talc<i)ise schists, serpentine, and votber magnesian rocks, 
and is used for the manufacture of Epsom salt. Pure white 
magnesite hsiiS been observed to arise from the spontaneous de- 
composition of the heaps of refuse from shafts on mines ; pebbles 
arc quickly cemented together by it, and timber, old tools, &c., 
encrusted. . ' : ; . , ^ 

Hydromagxiesite, which differs from magnesite by contain- 
ing water, occurs in earthy masses under similar conditions to 
initgiipsito. . 

Barytes and Witherite are respectively sulphate and carbon- 
ate of baryta, and both occur in veins, sometimes with galena 
or c<ipper ores, as in Spain. Barytes is sometimes found in veins 
alone, and is mentioned in association witli gold at Mitcheirs 
f^reok, New South Wales. Both barytes and witherite are used 
in the preparation of baryta and its salts, hut witherite is far 
the more valuable mineral. It is used in sugar relining, and also 
in tly3 manufacture of plate glass. 

Celostine and Strontianite are sulphate and carbonate of 
stronfcia, and are used in the preparation ot' the salts of strontia 
for red iireworks. Cclestine is usually associated with lime- 
stone, gypsum, rock salt, clay, and surpliur, while strontianite 
is found with galena and barytes iii veins. The strong crimson 
colour imparted to the flame by thc.se two minerals will always 
easily identify, them. 

The three minerals yet remaining tf> be. dealt with under this 
group are apatite, lluor .spar, and cryolite, all of great value for 
ciiircrcnt purposes. 

Apatite is a phosphate of lime with calcium chloride or tfuor- 
ide, and occurs imder the following conditions : — 

1, In metamorphic stpta, where it is supposed to have origin- 
ated from animal matter {Dana). It thus occurs in "the 
Laiiroiitian rocks of (Canada in greou crystals of large size, and 
is also found. in Norway under similar conditions. 

‘J, As an accessary mineral in metalliferous veins, especially 
those of tin, and beautifully crystallised and of various iiplours 
in many eruptive rocks. 

3, In veins by itself, mostly in limestone, but sometiyes in 
grurdtes amJ^schists; Spedn and Erance. In these deposits 
apatite also occurs aS concretions, sometimes showing a radiated 
structure, but of an earthy appearance externally. 
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4. In sedimentary formations where a considerJblo fiooamuhi- 
tion of fossils has provided the phosphate of lime. In these de- 
posits it occurs , in two principal forms, (ti) Goprolites, wliicJi 
are^excreta of large animals, esji^jteially 8aurians; and (b) cmicyo- 
tions formed at the expense of the same coprolitej|, together witli 
shells, bonos, ttc. The richest of these deposits are from Lower 
Cretaceous to Lower Jurassic in age, but phOrSphatic deposits arc 
found and worked in scdiiueulary deposits of all ages. 

Phosphate of lime is very valuable as a manure, and tlie 
deposits included under Groups 1, 3, and 4 aro worl?.ed for this 
’purpose. 

I*luor Spar is a lode-foriuing mineral, sometimes alone, but 
also associated with other inymrals, especially, tin ore and 
galena. In the lead mines of Derbyshire and Camb(jrland, 
which are in limestone, it is found in btiautiful crystals of con 
spicuous colours, and, vrhen obtained in blocks of suiBcienfc si/f, 
is worked into vases and other ornaments. Ip Derbyshire t)io 
blue and purple varieiios are known to the miners as ‘‘blue John. 

The presence iluor sf>ar in metalliferous veins is a grem. 
advantage, as it is a valuable llux for smelling, and when fonuil 
in veins by itself ii is mined for the same purpose. In adrjilion 
to its value as a dux it is also use<l for preparing hydrolluorio 
acid for etching glass. 

Cryolite also contains tliiorin**, but combined *with aluminium 
and .sodium. It foriu.s very fusiblr coiiipouja*s, and is used .as a 
flux; but its principal i\]ij>licaiioii is for the manufacture of 
aluminatc of soda, and ;xs ;i source of the metal aluminium, i i 
is also used in America for the manufacture of a white gljus 
which imitate.s [)orccLiiii. 

The two hardest of tho-e minerals are apatite and &uor spar, 
and the heaviest are tlio'^e containing baryta and strontia. All 
minerals of this group wid answer to one of the following tc.sts. - 

1. Effervesce wdth acids either liot or cold ; Oarbonatos. 

2. Yield a stain on silver when fused with carbonate of soda 
and moistened with w ater ; Sulphates.^ 

3. Etch glass when treated with sulphuric acid in a platinum 
or lead dish ; Fluorides. 

4. Colour blowpipe- flame dirty green whbu moiRtenod with 
sulphuric acid, and with rnagnosiuin wire in a closed tubo evolves 
the disagreeable smell of phosphiirottcd hydrogen ; Fhosphatoa. 

A reference to the characteristics in iho table will servt) 
readily to di.stingufeh one from the other by the biowpipo tost.s 
already given, , ' 
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• Qvabtz Opal. 

Quartz is the most, couimou su with whiofe*: 4)^ pro- 
spector has to it ia therefore necessary to eai;p]^ its 

characters., ^ Ii.is;'cholnicaUy, eflica or silicic acid/a compouud 
of silicon arid oxygen ; and it may be remarked that sdibon 
does not exist in nature, except in combination with oxygen, 
forming quartz and silicates. 

In the blast lurnace silica is not fused, but is reduced ip very 
small quantities to silicon ; whilst fusible silicates Or SmgS are 
also formed V. Xt is only by combination with oxides, such as 
lime, alkali^Sji metallic oxides, ikc., that silica forms fusible sub- 
stances in the blast furnace or b(jfore the blowpipe, and these 
fusible substances are termed Silicates. 

The highest temperature which can be produced artihcially is 
obtained by the combustion of hydrogen in oxygen, and this 
oxyhydrogen flame is employed to fuse both platinum and 
<]uartz, which are only fusible under the same conditions. Gold 
or silver at such a temperature fuse immediately and volatilise, 
forming a dense vapour. 

The Stanhope pocket microscope, which is only about an inch 
in length, is made with a drop of fused quartz with one face cut ; 
fused quartz. has a specific gravity of 2-2 only. The specific 
gravity of the quartz in reefs, as well as that which occurs in 
granite and . some of the acidic volcanic rocks, such as rhyolite, 
ranges from 2*5 to 2 8, pure quartz giving 2'65.’ The only 
natural form of silica known wdiich has as low a specific gravity 
as 2*2 is a mineral called tridymite, which occurs in some of 
the highly silicatcd volcanic rocks, a\xrli as rhyolite and trachyte, 
and crystallises in small hexagonal tables, often occurring in 
groups of three crystals. Its chemical composition ia the same 
AH quartz. 

These observations are of interest, because they show that, 
notwithstanding the viow^s .still held by many practical men, the 
quartz which forms our xTofs and occurs in,, granite and other 
eruptive rocks has never boon in a state of fusion. 

Quartz can be pj:oduced artificially in microscopic crystals by 
the aid of superheated water; wdjile tho geysers sufficiehtlv 
illustrate the solubility of silica in hot water charge with 
carbonic acid and its deposition therefrom. Quartz S.fdjrays 
crystailineir for even in quartz reefs, whore tho miuerulsi^ oom- 
pacc, it is ccftifus^ly crystaliine ; while flint and tho chalc^onies 
are minutely crystalline when seen under the microscopo, but 
probably coutaiu some amorphous opaline yiaiter. Agates, which 
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are the only varieties of quartz of any value, consist pf layers 
which are alternately crystalline quartz and variegated chalcedony. 

In opal wat^r is generally present, although Dana calls it 
unessential, and in the siliceous deposits from geysers the silica 
is still combined with water and the specific gravity is lower, 
ranging between 1’9 and 2*3. 

Common opals are of frequent occurrence in eruptive rocks 
and in veins at the contact of serpentine with other beds. Even 
in sedimentary formations where siliceous concretions of flint are 
common, hydrous silica is also found, and m then opaque and 
resembles flint in appearance. The opal which is of value fur 
ornamental purpose.s, and is sometimes called noble opal, will be 
dealt with under the head of gems. A substance of some value 
for industrial purposes, called infusorial earth or tripoli, U 
also hydrous silica. Tt is compost'd of microscopic organisms 
called diatoms, and is used in the pre]>aratiou of dynamite and 
also in making soluble glass. 

Silicates of :M.\G\K.srA and tiieju Crystallograpiiio Aij.irs. 

Jt is iiece.ssary to divide the silicates into groups accordijig to 
their chemical composition. Those lir.st dealt with are all ^ili- 
ca4.es of magnesia, and all are hydrous. When sulficieutly [)un*, 
meerschaum. ta!c, and sU'iitite Mill give before tlie blowpipe, 
when m usteru-d with a solution of nitrate of cobalt, a pink mass 
which is oharacteri.stic of magnesia. 

The fiiat three minerals in tlio cable* are sufliciently soft to bo 
scratched by tlio nail ; but serpentine is harder, approximating 
in hardue.s.s to calcitc. 

None of those minerals, when juire, elfervesco with acid ; hut 
if they contain an admixture of carbonate of lime, which i.s some- 
times the case with serpentine and meerschaum, etfervescence 
can be observed. 

As regards fusibility, they are very refractory, being only 
fused with difficulty in small fragments and on thin edges. 

Hee^ohaum, when pure, is very light; and, when dry, will 
float oh water. Tt will be recognised by its property, when dry, 
of adhering to the tongue, and by its smooth, compact texture. 
Tt is generally found in serpentine, in which rock it occurs in 
nodular masses; but is also found in lixncdtones of tertiary ago. 
Tt is a u.sof«l substance when found in quantity, and of a snowy- 
white colour, being used, as everyone knows, for the maiiulac- 
ture of j>ipc.s. 

Talc, Steatite, an^ Soapstone are, mineralogically speaking, 
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SILICATES Of MAGNESIA AND THEIR CRYSTALLOGRAPHIC 
• ALLIES. 


Minerals. 

Prtnolpal 

Components. 

Hard- 

ness. 

Rpediic 

Gravity. 

Colour 

and 

Streak. 

Renwrks^ 

Meer- chaum,' 

magnesia, 

'Water 


2Q-S4 

White, 

streak 

slightly 

shining 

Earthy. Gives 

pink colour with 
cobalt solution 
before hlpwpipe. 

Talc, . 

Do, 

i-ij 

li 

2*7 

Green 

or 

greyish 

Pearly or resinous ; 
greasy ; lainin£e 
ilexible, not 
elastic. . ,When 
heated, loses col- 
our and emits 
' light, but does 
not fuse. 

Steatite, 

Do, 

I\ 


Grey, 

gr..‘cn, 

yellow. 

itc. 

Pearly; soapy to 
touch; dnesplin' 
ters fusible to 
white enamel. 

Serpentine, . 

• 

Silica, 

magnesia, 

iron, 

water 

.*}-4 

2(i 

(ireen, 

yellow- 

reddish 

llcsinoua^or waxy^ 
Becomes brown- 
ish -red whep 
heated and loses 
water. Fuses at 
erlges. 

C/hlorite, 

Silica, 
magnesia, 
alumina, 
iron, 1 

water 1 

1 ! 

i 

1 

1 i 

i 1 

2‘7 

1 

1 

: 

Olive- 

green 

Thin scales, slight- 
ly flexible, not 
; clastic; fuses at 
edges only. 
Yields waten 
when heated in 
glass tube. 

White mica, 

(Muscovite), 

Silica, 

alumina, 

potash 

2-3 

3 

iSilvery 

white 

] iamiufc thin, elas- 
tic, nacreous. In- 
fusible or fuses 
only on edges to 
a grey or yellow 
glass. 

Black mica 
(Biotite), 

Silica, 

magnesia, 

alumina, 

ironfj 

potash 

2i 

2*9 

Brown 
or black 
streak, 
greenish 
grey 

tf 

Laminoe thin — 
lustre pacreous 
on cleavage. Be- 
fore blowpipe 
whitens and 
fuses on thin 
edges; gi^jron 
bead with bmx. 

I^pidolite, • 1 

► Silica, 
alumina, 
manganese, 
iron,' litliia, 
potash 

2M 

3 

Pink^ 

or 

yellow- 

ishs 

Lustre pj&Arly in 
small scales or 
massive. .Before 
blowpipe colours 
liainc crimson. 
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the same mineral, of varying degrees of purity and in different 
modes of aggregation. 

Talc is tlie pure crystallised mineral, occurring in transparent 
laminin, \Tltich can be bent, but are not elastic like mica. Tlio 
colour of t^ilc is often a light green or pearly-white, its lustre is 
nacreous or greasy, and it is characteristically and soapy to 
the touch. Steatite or soapstone is a massive variety of talc, 
andy when sufficiently homogeneous and free frdin cracks, it can 
be sawn into blocks and used as firebricks. Crushed and puri- 
fied by washing, it is formed into cakes of different colours, and 
is used by tailors for marking cloth. Talc and its varieties 
occur associated with serpentine, magnesian limestone, and 
especially with talc and cliloritic schists. 

Serpen tin 0 is found in extensive masses, sometimes forming 
high mountaiji ranges ; it also occurs in veins and beds, and is 
consequently to )>c considfjnal as a rock of some impoiH^auce. its 
occurrence and ilistribiition arc. moreover, of interest, on account 
eff the valuable minrral tlopo'iits — gold, platinum, copixn*, 
nickel, and chronu'-ii-nn — thMjuenily associated with it, and it is 
also the princi])al !‘cp<»>iror\ of nie.orseljiiuiri and soap-stone. 

Chlorites and Micas arc remarkable as occurring generally 
in thin lamina easily hcparatcil one from the other, ami traus- 
pa^'ent. Tiiey arc all soft(‘r than caJc spar, and are not easily 
fusible. These characters alone would npt he sufficient to dis- 
tingui&li them from talc, hut the greasy h^el rf talc will serve to 
distinguish it ca-sily ouougli in most cases ; besides which, talc 
is generally light green, while the mo^t common variety of chlo- 
rite, which occurs in .small grains or scales, is of a deep green 
colour. The micas are usually white or black; their plates aro 
elastic, while those of talc aro not. 

Chlorites are. hydrous silic.ites of magnesia, alumina, and iron, 
and there are varieties in which the proportions pf these basis 
are different. In some, magnesia predominates, . guc^h as the 
variety called pennine ; while in the variety called ripldolite, 
or simply chlorite, alumina is in the larger proportion, and iron 
in gregiter quantity than magnesia. They all fuse with difficulty 
before' the blow pipe to a grey or black slag, and when iron is 
present in sufficient quantity this slag is zaagnetic*. Ponnino 
occurs ill serpentine, often associated with other minerals ; ripi- 
dolita is the most common variety in chlorite schists, talcoso 
schists, and amphibolites, being often associate witli garnet, &c. 

Itocks and minerals of a dark colour, ^usuall j. gy^Cen, are fre- 
quently associated with metalliferous deposits, especially those 
of copper and more rarely gold ; and chlorite ig frequently met 
witli in iijotalliferoifs districts, not only in the dark or basic 
rocks, but also with tin in light or acidic rocks, such a.s granite. 



# 


ROCK-FORMING AND NON-METALLIC MIN’ERALS, 59 


esp\3cially wliiB?! found in large plates, are both flex- 
ible and elastic, and, tbia property remdera mica very yaliiablo 
when it is white aidt can be^obfcained in large sheets; 
times used insteaCd of windovr^lass on boiud, ship, .for -fetbves, 
and for ebimOeys lor lamps. Biotite, or black mioa^' coiiti^ns 
more magn^la^aEn aluinina, and is sometimes called magnei^ian 
mica ; it is ofien;present in eruptive rocks, especially some granites. 
Muscovite, or white mica, on the contrary, contains more 
alumina than magnesia, and as it also contains potash in small 
hut afvpreciable* quantities it is sometimes called potash mica. 

In the Tram^ InsL of Min. and Met.^ 18!i8-9, ]!klr.’ A. M. Smith 
-c lassifies the mica rniued in India as : — (1) Itiiby mica, hard and 
tough; (2)' white transparent TV ica; (3) discoloured and smoked; 
and (■!■) bl^k mica and flawed. The prices for best ruby, are, 
for sheets 


No. Sq. iiu 

(1) 3ft to 50 

(2) 24 to 36 

(3) 10 to 24 


Ver Ih. 



No. Sq. in. 

(4) JO to Ift 

(5) 0 to 10 

(0) 4 lo 6 


5 


Special sheets of over 50 s<p iiis. bring as much as £1 per lb., 
according to size of sheots. The white mica is worth aboulfone* 
half, discoloured oiie-quarter, and Jlawcd t>nc eu’ghtli the price 
of ruby. 

Muscovite is an important mineral to tlu^ tin miner, sincenjb is 
always found in stanniferous granite, and with quartz it forms 
greisen, which is very generally associated with tin. Giranite 
with large sheets of mica is soimdimes called pegmatite. . Mus- 
covite also forms an essential part of other light coloured. acidic- 
rocks, such as gneiss and mica schist, anti is sometimes found as 
an accessory iiigranidar limestiuio ami some volcanic rocks, such 
as trachyte and basalt, but mily as an accessory mineral. The 
email scales in sedimentary rocks aro probably of granitic origin. 

Iiopidolito, or lithia mica, is a variety of muscovite containing 
practically no magnesia, and tdiaracterised by the presence oi 
litliill, ah alkali which is of value on account of its medicinal 
properties. Lithia mica will bo readily recognised beforo the 
blowpipe, as it imparts a beautiful crimson colour to the daine, 
especially if powdered and mixed with a little lluor spar.- It 
generally bcOurs iii scaly granular masses in granite and gneiss, 
and is sometimes associated with liraostono and tourmaline. . It 
is very aj^hdant in Bohemia ; but the most plontiful sappi^ of 
lithia is deatved f!i^m a mineral spring in Cornwall; /an4 it is 
probable that the lithia In this w,>ter is derived from the tin 
granites of the country. Lithia mica is associated with tin 
granites in Bohemia, Saxony, and France. * 
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ANHYDROUS SILICATKS OF LIME AND ALUMIN 4 WITH 
THEIR CRYSTALLOGRAPHIC JVLLIES. 

{Gryst^Uline Roek^/orming 



Mineral. 

. 

Principal 

CoinpouentH. 

Hard 

ness. 

Specifl 

Gravltj 

V Colour 

and streak. 

% 

Remarks. 


/OrthoclJstf, 

Silica, alumina 
potuijli 

, « 

2*55 

Colonrieds, 
white, pink, 
greenish 

Fusible to bubbly 
glass^ bfowpipo 

reactionforpotush. 

c 

AJbite, 

Silica, alum inn 
soda 

C 6^ 

2‘G 

Wliite or paje 

Fusible to bubbly 
glass. 

cH 

OligocUse. . 

Silica, alumina 


2-7 

White, greyish, 

Fusible. 


soda, lime 


* 

greenish 

More easily fusible, 
easily attacked 
by acid.s. 

ps 

! 

j 

Labradonte, 

.Silic.a,a] urn ilia 
lime, soila 

i « 

1 

i 

IVhite, grey, 
yellow, with 

1 coloured plays 
of light 



Silica, alumina, 
lime 

1 (} 

\ 2-7 

Colourless, . 
wliite 

Do. 

i'TremoHto. , 

1 

Silica, nia^iu ■ 
si a, lime 

.V, 

“ 


White or pale 
green 

Fusible witli ebul 
lition to white 

^ i 

Actinolitc. . 

Silica, magrie- 
siii, lime, and 


..... 

0 •> 

Green, streak 
greenish- 

■Pnsible to a grey- 
ibh glass. 

i ! 


little iron 



wliite 

1 

1 

Hc»nl>L‘Mle. 

Silica, :na; 4 uo- 
sia, lime, iron 

fi’ 

3-4 

Black or deep 
green 

Fusible to grcyi.sb 
6r black gla.-s. 


DiopsMo, . 

Silica, lime, 
magnesia 

5-G 

.3 3 

Colourless, 

whito-green 

Fusible to white 
or greyish glas.s. 

0 

Diatlagc, . 

Silica, lime, 
magnesia 

t 

3-3 

(irey, greenish, 
brownish 

Fusible to a gri y 
or green giasB. 

'Ec^ 

3 

< 

Hedenber;yi.t»‘, 

Silica, lime, 
manganese, 
/inc, 4on 
Silica, lime, 
inanganc se, 
iron, &e. 


.3-.5. 

Black or deep 
green 

Fusible to a black i 
magnetic gl.iBs. . 


Augite. 

() 

3-4 

Blank, deep 
green, gener- 
ally opaque 

Fusible to a black 
of^n magnetic 
glass. • 

s f 

Fhistatite, . 

Silica, magne- 
sia 


3 1 

Greyish -white 
or yellowish 

Neatly infusible. 

|i 

Bronxite, . 

Silica, magnesia 
and little iron 

5-6 

3-2 

Brown, yellow- 
ish-brown . 

Nearly infusible. 

“1 

Hyperath^ni 

Bib'ca, magne- 
sia, iron 

5-6 

3-3 

Greenish or ' 
brown-black, 
copper - red 

Fusible to a black 
zhagnotic^glas.s. 

VVollastor.itc', . 

Silica, lime 

. - i 

5 

2’9 

plays of light ^ 
White or pale 
colours 

Visible with dilH- 
culty. 
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There *are ?ieveral ^agnedian minerals which have received 
difTerent names, b«.t ire toally only , varieties, of sei^entine; 
they are generally, cOlodirOd,jgreen' by the presence of little 
iron or sometimog niblceh; They generally occur in serpentine 
formations, jihd the <)bep 'green varieties ire often associated 
with the silicated nickel ores. 

' * ,^''*11 

Anhydrous. *S iLrcATK:s of Lime and Alumina wit^^TnEiR 

OilVSTALLOGKAPlIlC ALLIES. 

The minerals of this group are of great importance in forming 
rocks, especially the eruptive; hut topaz, tourmalin^, olivine, 
epldote, and gar ne^ which less often play an essential phrt in 
the constitution of rocks, are included with the gems. 

All minerals included in this groui> are anhydrous silicates, 
and may be subdivided as follows : - 

1 . Felspars, including orthoclasc, alliito,oligoc]asc,]abradopite, 
and anorthitCj which are silicates of alumina aiul other oxide^, 

2. Hornblendes, including Iremolite, actiiuditc, and born- 
blende, which are silicat<‘s of magnesia, lime, and other oxides. 

o. ^AilgitoSy including diopsidc, diallage, hedenbergite, and 
augite, which are of similar composition to thb hornblendes, with 
<IirtVrent proportions, however, of the com[)onent substances. 

•i. Enstatite^ bronzito and hypersthene ; the first is a sili- 
cate of magnesia; the last t%vo are silicates of magpesia andiron. 

For the composition of the eruptive rocks, see the tabic onp. 9. 

Orthoclase.— If a piece of granite bo taken ahd a variety 
composed of largo crystals cliosen, it will be found that, besides 
tho scales of black or white mica, grains of quartz will be easily 
recognised by their transparency, irregular shape, and hardness; 
whilst the rest of the rock will be foun<l to consist of a white, 
greyish," or pink mineral, scarcely transparent, and breaking 
easily in. two directiofis, on one of tlic fam sof which the mineral 
exhibits a hfiCreous lustre. If the facets produced by the frac- 
ture are largo enough it will be soon that the two are at right 
angles to one another. This miner il is orthoclaso, the most 
common and most important of all the felspars. It is also 
called potash fels^var, and it is this mineral principally which, 
by its decomposition, forms deposits of kaolin or clay,; the potash 
behig dis^lvbd^ In some lavas it is stated to form an amorphous 
phste, whilst sdino well-formed cryst.il a of orthoclaso cah aloo be 
detected ; apd it is also one of the component minerals of gneiss 
and many crystalline 8chistS4 These are all rocks, in the forfiaa- 
t LOU of which water, at a considerable temperature and under 
pressure, has taken a prominent parL * 
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Jf, on the other hand, a specimen of trachyh* ^aken ir» 
which large crystals ate developed, it will be found that crystals 
occur, which like' orthoclaae in granite, have two cleavages at 
right .angles to one another, but a casual exftmittation of those 
crystals will further show that they arc transparent and vitreous. 
This constitutes another variety of orthoclase, known as sani- 
dine. ' It characterises rocks, such as trachyte in the formation 
of which heat has played an important part, which have, in -fact, 
come to the surihec in a state of fusion. Not only is the ortho- 
clase in those rocks differont in ]>l»ysieal aspect from that <jf 
granite, Imt, as already pointed out, the quarts is sometimes 
replaced by tridyinite. llic spc^oific gravity of which’ — ^viz., 2*2 — 
is that of fused quartz. 

Orthoclasc, us well as tlie other felspars, is fusible before the 
blowpipe; so tlmt a light-coloured granular or compact rock 
which is fusibl(* in small fragments is most probably composed 
of felspar, and generally orthoelasc. Some of the fusible rocks 
are granular or coin]/aet, hiir .still oferuptive origin— mriie; 
some are vitreous and eompaet — e./;.. obsidiaiv—Vk black rock 
which is also called volcunic j^la. s ; and some are vitreous and 
porous — immli'n- in which the p orous state has beei^ ] pro- 
duced by steam evolved in the interior of the rnoit^n mass. 
Tlie.S‘* are all of volcanic origin, hut there are also rocks ooni' 
posed of vory mintito, oacjx micros«*opic, graiu-s of felspar which 
are truly s^hiimentary rock's, and ar«" t twined m-rUiv^. Ortho- 
eJase is used in the jiianuracture of porcelain and eusmels. 

Albito is a felsj*ar, rusi'mhiijjg orthocluse, in which soda re- 
places tlie potasli. It. is gt3uerally wliih-, and occurs in some 
particular varieties of granite pr»rphyiy, dinrite, gneiss, crystal- 
line schists, (^c. It is a rare mim^ral compared with orfchoclase 
as a constituent of rocks. Imt soim* granites contain it as an 
accessory mineral , and it is also found forming veins in ordinary 
granite, being fre({ncmtly the matrix in which the ^^jrarc^r associ- 
ated minerals, such as if-ryl, tourmaline, &c,, are imhedd^. 

Oligoclaso is like, albite, but contains a little limn. Tt 
generally occurs in laminar masses or crystals in the same rocks 
in which albite is found ; its colour is generally wMto, greyish, 
greenUht or green, 'riiis mineral possesses in easier cleavage 
than the other feJ3],»ars, and characteristic parallel strice can bo, 
seen on the cleavage planes. The varieties of felspai" whidi art? 
used as ornamental stones, and are called sunstone and tnoon- 
stnne, are pure orthoclase or oligoclase with eheioi^d' flecks of 
rellecting material. 

Iiabradorite, like jligoclase, is rarely found in crystals, but 
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in cleavaVlo lAininar masses; the cleavage, faces being striated. 
It is grey, wliite, yeUowJ i^ aad oii cer&a.feces often e^ibibits 
a remarkable play of /colours, snch as blue, yellow, 

^ liery, or semv^OtaUid J felspar Utiie is aii 

constituent, an<|^iH€re^ M also a small proportion , of sp^ J. It 
is more easily fc^ble than the other felspars, except oUgoolase, 
and is in part soluble in acids. It constitutes an im^r- 

tant element!.ib ; the basalts, but often occurs in such ^mall 
crystals that it can scarcely be seen with the naked eye. An 
iridescent variety is found on the coast of Labrador in , large 
masses, and forUJts a valuable ornamenial stone. 

AnortbitO "is a rarer species of felspar. It occiira in small 
^vliite or colourless crystals resembling albite in shape, is almost 
entirely a llrie felspar, and is easily lusihlc, although not so- 
easily as lubradorite; it is also attacker! bv hydrocliloric acid. ‘^It 
occurs in granite, gabbro, sorpeniine, and rnaji v volcanic rocks. 

The liornbilondo group incliides ihrc(‘ principal varieties in 
^\ilich the colour varies in pioportion to the, increasing per- 
centage of iron present, Troraolito, containing little or no 
iron, is white; aetinolito, containing a few units per cent, of 
iron, is green; and hornblende, containing niiich iron, is black. 
Tliey are* in consetiuonce soinetiine.s r^allcd white, green, and 
black liomblcude. They arc all fusible witli i*bunitioii before 
tho blowpipe, the first forming a whiii*, the second a grey, and 
the last a black bead. 

Tlie most common form in eru]>tivc and iiictainorphic rocks is 
liorn blonde, the black variety, t»c(*urs as a constituent ^of 

.syenite, diorite, horni>lcnde-andi;sitc, h or ji blende-schist, 
genorally in tho form of llatrcin'd prisin'^. It is also ass^Ksiated 
with augite in some- modern Mdcanic rocks. 

Aetinolito occurs in<*stly in hornblende-schists, where it ia 
frequently in the form of sUmdi-r needle-shaped pr flat prisms. 
These horbbiendc-bearing rock.s. it may be remarked, are often 
connected with inetalliferi>iis (h posiis. 

Tremolfte is of much less importance as an element of rocks, 
but is interesting in otlmr resp(»cta. It is more rarely found in 
well formed crystals than tho two other varieties, but is often 
in baccillary or rad&tml fibrous masses, forming the well-known 
substance called asbestos when ptirc and in long flexible gW 
iiients, and xnotqitain leather, Ac., when of inferior quality. 
In tho conEipact sbvte, when its crystalline structure ean' jtiufdly 
be detected, itreUiolite forms a very tough and valuabl^^ ^iilub- 
stance known ns jade or nephrite,, which varies in colour 
from white to green, and is found in Ohiij^a, Mexico, and New 
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Zealand. The Chinese images are well known ;*tlie jiarcl ones 
are made from jade, and those which are soft from other min- 
erals closely allied to steatite. The Mexican and New Zealand 
jades are well represented in most collections by stone axes, 
arrow heads, ikc. 

It imvy be added, to avoid confusion, that one of the minerals 
usctl by the Chinese, and known is not compact tremolite, 

but a compact variety of white epklote called zoisite. 

The augite minerals form a nearly parallel group to those 
of which liornhleiid(3 is a type, and differ from them principally 
in the tingles cf the ciystaLs. The varieties of the augite group 
are as follows ; — 

Diopside is a transparent, cplourless, or light green mineral 
■which occurs in serpentine and granular limestone, but is com- 
paratively rare. It is not a rook- forming mineral, but occurs in 
veins, and is a silicate of lime and magnesia, with, occasionally, 
traces of oxide of iron. In the blowpipe flame it is fusible, to a 
white or greyish gla.s'^. 

Diallago, which is of gn*aler importance as a. rock-fonjiing 
7nincral, is a variety of It occurs as an element of some 

^aricties of serpoiuiii<\ and in tln^ important rock called gahhro, 
which often accompftnics ser})eniine. It contains more iron than 
■diopside, besides a hi tie alumina, and is e?isily fusible before tlic, 
blowpipe to a grey or green head. It is found in lanimar mas.se.s, 
and has generally a nacreous or semi-metallic lustre oh the pidn- 
cipal cleat age face, and in colour i.s grey, green, or brown. 

Hedenbergite is a black lamellar variety of augite containing 
much iron, manganese, aicl zinc, be.sides lime, and is fusible to a 
black magnetic bead. It is ftmnd in some cavities and veins in 
the older formations, and lia.s no importance as a component 
iniiieral of rocks. 

Augite is the best known and most important mineral of this 
group. It occurs generally in well-formed black crystals, some- 
times difficult to distinguish from liornhJende, but in the prism 
of augite the angles of tlie ]H'imitiv(j faces are abovit 117“ and 9.‘r, 
thus approaching a rectangular prism, whilst in liornblcnde they 
are about 124" ami 56 ', the section of the b or iiblendo prism thus 
forming a more obli«]ue riiomboidal figure than augite. In 
sufficiently large crystals these angles can also be Obtained by 
cleavage, as the easy cleavages in both groups are parallel the. 
faces of the prisms. Another character by 'Wbiclx crystals of 
augite may sometimes l>e distinguii^ed from, bhgrdheiidc is the 
brilliant lustre of augite compared .with the dull lustre of 
hornldende. . 
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Auglt^ contains lime^ magnesia, <kc., and is fqeible to a 
black glass, which is > magnetic. It is common in the, vol- 
canic lavas, where it majhaseen in Ibhe same specimen ^ a con- 
stituent of the paste in microscopic grains, and in wetl-jformed 
crystals. 

Enstatite is >ery closely related to augite, having near^ the 
same crystalline forin, but belongs to the rhombic system. It is 
a silicate of magnesia, and, except for its associations, would be 
more properly included in the preceding group. It is practically 
infusible or fusible with difficulty on the edges of very small 
scales. It occurs in some andesites and serpentines, and in the 
rock called Iherzolite. 

Bronzite is a variety of onstatito, and is isomorphous with it. 
It occurs in some serpentines, where it has a lamellar structure, 
and exhibits a nacreous semi-rnot.allic lustre on the face of easy 
cleavage.' Its colour is brown, pale bronze, or greenish-yeflow, 
and it fuses with very great difficulty, like enstatite. 

Hyperstheno is also isomorphous with enstatite, but contains 
a.N much oxide of iron as truigiK'sia. It is a dark laminar mineral, 
oliaracterised by a reddish-brown colour, with a cupreous lustre 
on thij cleavage planes, ft is fusible to a black magnetic bead, 
und Jielps to form the eruptive rock called hypersthenite. 

Wollastonite is a silicate of lime, and is a white mineral, 
rarely crystallised, po.ssessing a nacreous lustre, and occurring 
ordinarily in lamellar or bacillar masses in granular limestone, 
granite, or basalt. In some cases it is associated with silver and 
copper ores, and frequently with garnet. It is fusible with 
difficulty, before the blowpipe. 

Hydrous Silicates of Lime and Alumina with tiikik Allies* 

Tin? Zeolites form a highly interesting group of beautifully 
crystallised minerals, occurring, in the majority of cases, in 
cavities 6r fissures in volcanic rocks, but as they are of no 
economic importance and are seldom found in mineral veins, 
much space will not devoted to their description. 

Zeolites are hydrous silicates of alumina with other oxides, 
usually alkalies, aruf their specific gravity ranges from 2*1 to 2’9. 
'Dlc softest iE scratched by fluor spar, and scratches calcite j the 
hardest is prehnite, with a hardness between orthocla^ -and 
quartz, ^hey are uaually^golourless or white, or of a v^^r^'pale 
pink grey br ^reep, os tn^ contain little or no iron. Bybh in 
the darkest of all^ a brick-rod variety of heulandite, the oblour 
is attributed not to iron, but to a )nixturd«of another mineral. 

5 
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Prehnite, which is usually pale green, contains a sifialJ norcentago 
of protoxide Of ii^n. All zeolites mdt and swell up when heated 
before blowpipe. 

HYDROtJS SILICATES OP LIME AND ALUMINA WITH THEIR ALLOTS. 

. {Ztolitts-^CryBtallised Minerals of Secondary Origin.) 


Minerals. 

Components. 

Hard- 

ness. 

Bperifle 

Onivity. 

Streak and 
Oolour. ' 

Keinarks. 

Hetilftudite, . 

Silica, alu- 
mina, lime, 
water 

3*5-4 

2*2 

White to 
brick- 
red, 
streak 
white 

l^ixsible with intu- 
mescence, soluble 
in acids without 
gelatinising. 

Stilbite 

Silica, alu- 
mina, lime, 
water 

3*5-4 

2-2*2 

White to 
brown 
or red 

Fuses to white 
enamel. 

Apophyllite,. 

V 

Silica, lime, 
potash, 
water 

4*5-5 

2*3-2‘4 

White to 
grey or 
red 

Exfoliates and fuses 
to white enamel, 
potash flame. 

Lanxnoaito, . 

Silica, alu- 
mina. lime, 
water 

3*0-4 

22-2*3 

White. 

greyish, 

yellowish 

Gelatinises w'itli 
acid. , 

Gelatinises with' 

Natrolite, . 

Silica. «'»lu- 
mioa, soda, 
water 

5*0 -5*5 

21-2*2 

White, 

yellowish 

reddish 

acid, fusible in 
candle flame. 

Thomsonit&; . 

Silica, alu- 
mina, lime, 
soda, water 

5*5 

I 

2.3-2 '4 

WTiite to 
brown 

Fuses very easily 
to white cnamei, 
gelatinises w'itb 
acid. 

Harmotome,. 

Silica, alu- 
mina, baryta, 
water 

4-4*5 

2*3-2*5 

1 

White or 
grey 

Fuses without in- 
tumescence, solu- 
ble without gela- 
tinising. 

Analcime, . 

Silica, alu- 
mina, soda, 
water 

5-5*5 

2*2 

White, 

greenish, 

reddish 

Fuses quietly to 
glass, gelatinihcs 
with acid. 

Chabazite, . 

T 

Silica, alu- 
mina, lime, 
potash, water 

4-4*5 

•21-217 

White to 
reddish 

lo rhombohedrons : 
intamesces and 
w^'hitcns befortJ 
blowpipe. 

Prehait^ . 

Silica, aln- 
1 mina, lime, 
i water 

0-6*5 

2*8-2*9 

Palo 
gr&n . 

[Fuses with intu- 
mescence, Foluldo 
, in 'acids witliont 
.gelatinising. In | 
radiate groups. ! 


Some zeolites are found in gneiss — s.^., heulandite, launionito 
hftPinotorno or crqps sione^ and prehnite. Harmotomo and 
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liculdn<|ite It.ive been„fotind in the silver mines of Andrcasberg; 
analcimo in the amygiialoids at the copper mines, of Lake 
Superior; and prehnito occurs, not only in the rabOW: copper 
mines, but alj^p, in jiTeW Sotfth Wales, with orthoclase afidrcopper 
ores at Rcedy^Oreek,- Ooimty Murchison, Preh&lte is cettamly, 
of all the jsebUtes,’ the most interesting in consequence Of its 
asaociatioiis.. further mentioned as occurring in crystalline 
rucks and esp^ially in diorite and other hornblende rocks, from^ 
the decomposition of which mineral it is probably deriv^. , 
Hasalts and lavas containing abundance of zeolites may some- 
times be utilised in the arts when, in conso(|uence of the quantity 
of alkalicfjS., present, they are so fusible that they may be easily 
molted ahd c^t'tnto different forms. 

Chaba^te is the most common of the zeolites found in basalts,. 
T'asaltic lavas, especially wlnui tliey are in the state of sand and 
cotilain a sufficient proportion of alkalies, are used as puzs!;uolana 
ill tlie manufacture of cement. 

Non-Crystalline Silicates op Alumina. 

Clays, -*-The clays are all products of alteration from other 
minerals^ their composition is variable, and they do not crystallise. 
The true clays are all plastic and refractory to a greater or less 
degree, and on these pi*oportios their value for industrial purposes 
depend. Pure kaolin is the type of all the clays. 

♦Such hard earthy minerals .as allopluine and halloysitb may be 
termed, by analogy, hard rl.iys, since their composition is gener- 
ally similar to some of the soft ])lastic clays ; but they have not 
ye t. been used for mmuifaciuring purposes. They are not plastic, 
but are derived, in some cji'^cs at least, from the dccompositiou 
of felspathic rocks, and an^ often found in mineral deposits 
The presence of alkalies in clay is objectionable, as it renders 
them fusible, as also do many other o-xides. Iron is not only 
objectionable on the score of fusibility, but also as a colouring 
matter. The presence of too large a proportion of water, car- 
bonic acid, or organic matter causes clay to contract under the- 
action of fire, and the same result will ensue if the clay isj^ar- 
tially fusible. Ooft traction may also arise from the mechanical 
arrangemeut of the particles, and of two clays having the same 
cliomicAl composition, both of which contain a certain pciteehiRg^ 
of free silica, the finer one will contract more than thd^eparser, 
in whioli tl# particles ate preserved from that close C^tact 
wliicli ia necessary for t^i,eir ready combination and fusioiiJ^ 

I hc soft clays are divided into kaolix^ or porcelain Olay, 
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Yrhich is nearly pure, and is derived from the dec(>mpo^ition of 
felspar in pegmatite or granite ; plastic oir pottery clay, not so 
pure as kaolin j and bole, containing a great percentage of oxide 
of iron. jPuller'a earth is a kind of clay used for freeing wool 
from fatty matters. It is not easily made into a paste with 
water, and its application is therefore limited to the above pur- 
pose, for which it is of great value. 


CHAPTER IV. 

PRECIOUS STONRS AND GEMS. 

The minerals which are used for ornamental purposes are mostly 
of considei’ablo luirdness, and cai)able of receiving a high polisli. 
They vary groatiy in tlieir chemical composition, but are best 
divided by their hardnc.ss into two groups, viz., those wliicli 
are harder than quartz, and those which are not harder than 
quartz. 

Harder than Quartz. 

Diamond is pure carbon. Its hardness, specific gravity, and 
peculiar lustre, due to it.s high refractive power, have been 
already jolbrrod to. It will be readily recognised by the pro- 
spector who has once seen it in the rough, if simple tests are 
applied, for diamond will scratch sapphire. The gem prospector 
should always carry with him some pieces of sapphire, topaz, 
and rock crystal, as >vell as a diamond. 

In its natural repositories, diamond is not always readily 
recognised by its brilliancy, and it is often encrusted witli a 
black coating, or cemented wdth ironstone; but its greater 
weight will cause it to settle to the bottom of a tin dish or 
sieve when w'ashed with other non-metallic minerals of the 
same size; and, if the dish or sieve be turned over suddenly, 
the diamonds will remain on the top of iJic heap, which should 
be carefully picked over; 

Dana says {Syi:temof Minemlogy^ /5tli edition) — *‘The diamond 
appears generally to occur in regions that afford a laminated 
granular quartz rock called itacolmnile, which pertains to the; 
talcose fiteriea, and which in thin slabs is more pi* flexildo. 
This rock is found at the mixies of Brazil and tho 
in Georgia and North Carolina, where a few diamonds have boon 
found. Tt hWi also ^been detected in a species of conglomerate 
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composes of rounded pebl^les of quartz, chalc^on^, &c., 

cemented by a kind of ferruginous clay.” \ 

Ju some of the schistose rocks of Brazil, tibove 
is admitted, that the diamoLd exists in sjxHy or in the i*ock: in 
wliich it Ws formed; and M. Gorceix states that th^e recks 
are traversed by. veins of quartz with rutile, tetrahedrite, oli- 
gisto, and martite, the two last being varieties of hsematite. 

In the Kimberley district, S. Africa, the parent rock of the 
diamond is ^ kind of serpentine, which forms huge dykes or necks 
of Igneous rock which have come to the surface, but have not 
apparently overflowed the lip of the vent or crater, and, accord- 
ing to Mr. Dunn^ a geologist at the Cape who has devoted much 
time to the study of the diamond anrl gold tlcposits of this part 
of the world, these so-callcd “pans ’ are local depressions in the 
flats, and are sometimes as miioli as three miles in length. He 
also states that when the eruptive rock lias been removed the 
walls of the cavity exhibit horizontal beds of shale, their edges 
being turned up along the line of contact with the eruptive 
l ocks. The upper beds are, in some instances, formed of grey, 
}jink, or yellow shales with fossil r<imains (Saurians); the lower 
hods, •from 50 to 150 feet thick, consist of black, carbonaceous 
filiales. So combustible are these shales, that when accidentally 
ignited they have been known to burn for o\ or eighteen months. 
In this serpentine diamonds are generally found crystallised in 
octaliedra and some of tlie aliicd forms. 

1 n Borneo diamond.s are said to occur in a matrix of serpentine, 
and in IS^ew Soutlj Wali\s and at Jieechworth, in Victoria, good 
diamonds, although small, arc found in alluvial dejiosits in great 
numbers. Some of those deposits have of late years received a 
good (leal of attention, and may eventually prove of considerable 
value. Diamonds have also been work(‘d in alluvial deposits on 
the Vaal River in South Africa, at Golconda in India, and other 
places; indeed, with tlie excejitioii of the mines of the Kimberley 
district, in wliich the*, stones occair in sitil in serpentine, all tlie 
important diamond fields of the world hav(' be en alluvial (ieposits. 

I’he occurrence of diamonds of diffeient colours affords a 
rmnarkable illustration of what has been said about the colours 
of minerals. As pure car lion, diamond is colourless, as also are 
the microscopic diamonds artiflcially produced by an electric 
current; biit iu nature the stones are of diflerent coloui:ai wluch 
are impartei| ^to them ' by a very small pi^oportioA of foreign 
matter. ' 

The yellow and grey tints decrease the value of the diamond; 
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but red, Uue, and green varieties, on the Contrary, are so rare, 
that when diamonds are so coloured their value is considerably 
greater if perfectly colourless: For instance, the best blue 
diamond imoWn (44 carats) is estimated at double the calculated 
value of a good colourless diamond of the, same size, viz., 
^ 30 , 000 , 

In Borneo a kind of black diamond is found which is very 
highly priced in consequence of its exceptional lustre and rarity; 
it is even harder than the ordinary diamond. 

In Brazil another variety of black diamond, called “bort,*^ 
which is rough and witliout lustre, and somewhat resembles the 
deposit of gas retorts in ajipearanoo, is found in quantity, and is 
used for diamond drills. It soniotiines occurs in masses as mucli 
a.s 8 ozs. in weight, and is as hard as ordinary diamond. 

Ootahedrite, a mineral occasionally found with diamond, is 
mentioned under rutile, and is sometimes so splendent as to bo 
mistak^en for diamond itself. 1 diamond should also be compared 
with, white zircon, the lustre of which is also adamantine. 

The diamond always occurs as a eojistituent of rocks or in 
alluvial deposits and never in lodes. It is principally valued 
on account of , its hardness and higli refractive power, being the 
most Valuable ornamental stone. It is .also largely used in rock 
boring drills ; and diamond dust is of importance foif polishing 
purposes. 

Corundum (saj phirc, ruby, A:c.). — A number of hiud stones 
of various colours and known by diirercmt names belong to tins 
mineral species; they are all essentially composed of alumina. 
The most common of these gems is blue corundum or sqfpliire^ 
which is very frequently found associated with alluvial gold in 
Australia. 

Green varieties, called Oriental emeralds, aUo occur with 
. sapphires, sometimes in considerable numl)era, but seldom pf a 
good <»Iour, the most common tint being that of water worn 
bottle glass which may be so often seen on the sea shore. 
When pure, and of an emerald colour, they are of a great value, 
both on account of their hardnc.ss and rarity. 

Yellow corundum is called Oriental <op««r,^and, being harder 
than topaz itself while of the same colour, has a greater value. 
The viplet variety is called Oriental amethyst and', is not 
common.'’ ‘ 

Red. coruMum or is next to diamond 
a rulqr of 3i carats when i^ierfect is even more^valhdble than 
diamond of the same size. A ruby of 4 to G carats in weight is 
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a great rarity and Ot . fifty .times as muck ^s the 

best sapphire of the. same weights " . 

Black co7mnd,um \&]^^n met'W^ith ; like emery (wk|^i tmly 
an impure variety containing more iron), it is useful K^.cdtting 
and polishixig stwes of less hardness than itself. Ermiryi which 
is largely used for polishing purposes and for the manufacture 
of emery wbcek (now so largely used in machinery worka), is 
the coarsest,. and commonest variety of corundum ; it contains 
from lO to fiQ per cent, of magnetite and its abrasive power 
is about liialif that of sapphire. Most of the emery of commerce 
comes from Naxos or Asia Minor, ft is found in Asia Minor 
near the surface like a bed of conglomerate resting upon lime- 
stone, and it is roughly hand picked on tlie mines. It is 'mined 
by blasting, the bore holes being raadti in the joints of the rock 
which are fr,equently filled with oalcite; sometimes also it is 
worked by firesetting, altliough this is said to deteriorate the 
quality. 

The fine varieties of coruiidiim have been chiefly obtained 
from alluvial deposits ; they have rarely been traced to their 
parent rock and- have never yet been found in a matrix 
fVom*Vrhich it would pay to extract them, as is the case with 
the diamond in the Kimberley district and tlie emerald iu Eeitu. 
In parts of New So\ith Wales, corundum is said to occur fii 
])as:alt with olivine ; in alluvial deposits it is found with other 
hard stones and with tin, gold, 

The hardness of this mineral, whicli is next to diamond, should 
make it easy always to distinguish ; so lar as the sapphire is con- 
cerned the colour is <|uite ilistinctive. Numerous mist^es, 
however, h^ve been made about the ruby, and it is no uncommon 
thing for zircon and garnet to bo mistaken for it, notwithstand- 
ing the easy l^eans of discrimination afibrded by the respective 
hardness, of the difierent minerals. 

Dana says (Byslem of Mut-i ralotjij, 5th edition) — “Corundum is 
associated with crystailino rocks, as granular limestone, or dolo- 
mite, gneiss, granite, mica slate, chlorite slate.” A S|>ecie3 of 
felspar with oblique cleavages, called anorthito or indianite, is 
said to be the gaii^uo of corundum in the Carnatic, India, with 
garnet, cyanite, and hornblende. At Barsowski in Buc^a a 
granular Variety of anorthito is said to occur in the aux^rous 
sand as the gangue of tlie sapphire. / 

ChrygOiboiryl comes next in hardness to corundiOlUv^ It 
nfJt trati^alteiit, but trahsluceati and exhibits a play of -jcoloura 
in ditlercut shades of green, lUce a eWs-eye ; sometimes a bluish 
opalescence is to be seen internally. • 
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In alluvial deposits it occurs as rolled pebbles, and in the 
Ural mountains is found in in peculiar stardike groups of 
crystals, in mica slate associated with beryl and phonaklte. lb 
is composed of alumina and gliicina. 

Spixjiel is an aluminate of magnesia, and includes several 
varieties^ of which the red variety, spinel mby,. is generally 
meant when spinel is spoken of as a gem. A variety, which 
contains a fair proportion of iron and is sometimes called black 
spiiiel, is referred to under the name of pleonasie as a stone 
often found with alluvial tin. 

Spinel rubies gem^rally have a dull bluish tinge, which places 
them far below the true ruby in point of value j they can readily 
be distingui.shed by their less(3r liardness even when in colour 
they rival the more valuable gem. 

Green and blue varieties of spinel also occur. The blue 
variety is very inferior to the sapphire*, even when of very good 
colour; and cfrecu sphtel is more a curiosity than a gem. it 
occurs in octahedra when not waterwurn. 

lieii spinels arc sometimes found in alluvial deposits with gold, 
but they are generally very small ; and they have occasionally 
been found in sa? id stone, but wore probably <lerived from igneous 
rocks. They are also said to occur iinbeddod in granular HmO' 
stone and with calcito in serpoutine, gneiss, and allied rocks, as 
also in cavities in volcanii* rocks. 

Topaz is a silicate of alumina with liuorine, and its hardness 
is little lc.ss than that of spinel ruby. 

White topaz is common as waierworn pebbles in alluvial 
deposits associated with gold, and has an easy and characteristic 
cleavage parallel to tlie base of tiui prism. It is sometimes 
sufficiently brilliant to he valued as a gem, especially when well 
cut ; but it is not to bo compared with a wf ll cut ^iamoud. ^ 

The/?a^ hlue variety is of value for cuttiiig into large stones 
for brooches ; specimens are occasionally found of several pounds 
weight. 

Topaz of a beautiful sherry colour occurs in HraziL Sp^imens 
of this, when heatccl, become pink, >»dKin they are known as 
burnt topaz. A lighter coloured variety is found in the tin 
mines of Saxony, and is said to have betm found in Tasqiania. 

The yellou) varieties are cut as gems ; although not very 
valuable they have consideraVde briJliauce and look vety: well. 

Emerald and Beryl are chemically the same, being composed 
of silica, ahimina, and glucina. ; ' . 

The varieties known beryl are generally opn^e or near ly so, 
and arc light green or^ yellowish in colour. Large crystals, six- 
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sided prisms, *are ; in v^ins ‘ of pegmaMte trayorsing 

granite, and are also found xpibsdd^ in quartz. ^ ' ' ‘ ; 

A pale green or light blue transparent variety is kifiovrn^as 
^a</aa/aamie, and is sometimes used as a ge|pu, but has iiO great 
value. It is sometimes mistaken for topaz, but is neither so 
hard nor so heavy; nor does it, like topaz, become electric by 
friction. 

According, to lapidaries, emerald is a little softer than beryl, 
but its rich and characteristic green colour makes it a gem of 
great value;. It is found in mica schists in Siberia and Salzburg; 
and in clay slate with concretions containing Cretaceous fos.siis in 
Granada, The imeralds from the last locality are c.specially 
noted lor their beauty of coloifr, but the largest crystals have 
been obtained from Siberia. Some emeralds have been found iA 
a vein traversing granite in New South Wales, and minute 
specimens in a syenitic gneiss at DusUy Sound, New Zealandr 

Fhenakite diflers from cmeritld in coniposition by jiod con- 
taining alumina nor the traces of green colouring matter. It is 
generally colourless, hut rarely wine yellow, so tliat it is dilhculb 
to distinguish from topaz, tlioir Jiardness being also the same. 
Fhenakite is, however, lighter and coiisith*rahly rarer. It occurs 
in the* Ural in mica .schists w ith chrysolteryl and emerald; and 
elsewliere, associated witli other minerals. 

Zircon is a silicate of zirconia. The crystals are of varioua 
slnules from colourless and transp.ivefit, when they are sometimes 
mistaken for diamonds, tf» yellowish, green, brvwn, and red. 
Tlio smoky white varitd.ies ar<i known as the transparent 

red varieties as hyacinths^ and the grey and brown forms as 
zircotis, 

'Ibis mineral is remarkable for its brilliant lustre, which 
appi'oachea that of ths^ diamond, hut it is not of much value. It 
has been found in g?*aniLc and other crystdline rocks/ and 
occasionally in volcanic, rock.*?. 

Dichrolte or Cordiorito is a silh^ate of alumina, iron, and 
magnesia. It is not conuiKnily used as a gem ; it is of more 
value as a curiosity, in constHiuence of its showing two different 
colours when light, js passed tli rough it from diiferent directions, 
than on acepunt of its real beauty. It has been named 
from this j^roperty, 

It exhibits yarioUs shades of blue in one direction^ ^ 
brownish-ryellow or yellowish-grey in a direction at right; uiiglcs 
to the firsts is known to jewellers as '‘sapphire d^eaW* It 
occurs in granite, gneiss, hornblende, chlorite, and talcosb schists, 
and allied rocks, Avith quartz, orthoclasw, albite, tourmaline^ 
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liornbleude, andalusite, a^d, sometimes, beryl, it is Silso found 
in vpleanic roeljis, and is often decomposed* 

TourmiaUue will bo mentioned as a mineral accompanying tin. 
There is a remarkable instance of its occurrence with gold' 
in the New Mount Morgan mine in Westerir Australia, where 
g^d is commonly disseminated through the joints o£ the crystals. 
It is a boro-silicate of alumina and other oxides, and contains 
fluorine. 

There are many ^arittbics, ])ut those used as gems are either 
red, green, or blue. Tlic first is termed rubellite by mineralogists, 
or .simply tourmaline by jewellers ; the green and blue varieties 
are known as Ih-azilian emerald and respectively, and 

m Brazil they are, worn by dignitaries of the church. 

^ Tourmalino is u.-^uaily ibund in granite, syenite, gneiss, mica 
schist, chlorite schist, or taico^ie scJiist, as also in diorite, dolomite, 
granular liinestone, <t(j. Tln^ moht eominoii variety; '«c/ior(, is 
black. It is easily recognised, as it occurs in long needle-shaped 
crystals, whicli become electric when heated. 

Garnet is also alluded loas a mineral which often accomj^anies 
tinstone, or is likely to l^c mistaken for it ; only thaso varieties 
used as gem.s will be luent ioiujd here. The colour is blGod- or 
chorry-red, passing to various shades of crimson, purple, and 
reddish-violet on tha one hand, and to orange, i*ed, and 
hyacinth-brown on the oilier. 

Unlike other led stones, garm^t is not readily cut- iu faces, and 
is genenally cut as carimnclcs or, in othtT ^Yords, with a smooth 
oval surface. In tliis form the best qualities display brilliant 
hre-red flashes td light, 'fhe l>»^st garnets used as gems bchmg 
to the varieties called almandiue and pyrope : they are chieHy 
obtained from Syria and Ikdiemia, and are called in the trade 
Syrian'’ and “ Dohemian garnets.” 

Insides the red-ooloure<l pyrope and almandine, there are 
jsome other varieties ol very different colours. A greon 'garnet, 
called ouioarowile, is coloured by oxide of chromium j a black 
garnet found in crystalline schists is called melamtei nnd con- 
tains much iron. 


Not Haudku than QuarTX - 

Tbere are many varieties of quartz which claitb some atten- 
tion as ornamental stones, pll of which consist of silicd.' 

Bock Crystal ,|iccurs c^staliised in six^sidea 'prisms with 
pyramidal ends ; it is pcrf^Iy clear and transparent, and is 
used both for optical instruments and for ornamental purposes. 
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It is soifietimos found; iii crystals enormous several 
weighing from 8 to 10 cwte^ having been, recordied f is 

reported that about a century ago a drusy cavity was opened nt 
^Zi liken from yhicH 50 tons of rock crystal were obtained, whicli 
realised ^60^00Q.>, ' 

Smoky or Cairngorm, has a smoky yellow to browin 

tinge. Thb, Colour is probably due to titanic acid, as crystals 
containing rutUC are generally smoky. It is called caimgform 
from the locality in Scotland of that name. 

Citrine qua^a, or False Topaz, which i.s yellow in colour, 
is easily di$tinguishcd from topaz, wliich it resembles, by the 
absence Of cleavage and the dillerenco in hardness. 

Amethyst quartz is the most highly valued of the coloured 
variories. It niisy be described as clear and of a purple or violet 
colour. It is usually found in cavities in volcanic rocks. 

Chalcedony generally occurs in stalactitic or concretionary 
masses, and is usually wiiitish, yellowish, or yellowisb-brown, 
rarely pure white. This variety, in common wiili those which 
follow, is translucent. 

Agate is a variegated chalcedony alternating with bands of 
i^juartj^ in which the colours arc cloudy or banded, but rather 
.dull and not showing any sharp contrast one witJi the other. 

Onyx differs from agate in being distinctly banded in well- 
contrasted shades, such as black and white, or brown and white, 
but luoshof the black varieties are artificially stained. 

Sardoz^px; is a brow nisli- red or orange variety of agate. 

For agate to become an important article of trade it must b© 
found in large (quantities, and in rucks so much decomposed thfit 
the process of extraction would be an easy one. Agates are 
mostly found in cavities in. volcanic rock, where they have been» 
<leposited by water, 

Carnelium is of a clear blood-rcd or light-red colour, but this 
colour is i^irid to be produced in India by burning, it l^ing due 
to oxide of iron. 

Chrysoprase is of a beautiful apph3-green colour, due to oxide 
of nickel. In a warm, dry place the colour of clirysoprase is 
destroyed, but it cap be again restored by keeping it damp. 

Plasma h? an olive-green chalcedony. 

Holiotropo or BloodTstono is plasma traversed by small 
veins or specks of red jasper. : \ 

Under the names of moss agate and dendritic agate in- 
cluded thibse Varieties in ^hich dendritic cjtjrstals of metallic 
oxides occur, a common modO of crystaUi^tion for oxide of 
manganese. • 
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Most specimens of petrified wood^ when there is no'earthy dr 
clayey matter, present, are transformed into chalcedony. 

Cat’s Bye is another translucent variety of quartz, but, 
unlike chalcedony, it is crystalline, but not amorplious. A 
variety containing fibres of asbestos is soihetimes incorrectly 
called crocidolite.” It is yellowish-green in colour, with 
golden and green streaks of light, and has a silky appearance, 
due to the fibres of asbestos. Tlio original fibrous crocidoliie is 
of a fine blue colour. This stone is well known as occurring in 
the diamond districts of youth Africa, and is also found in (jer- 
many, Ceylon, and elsewh(»re. 

Opal is silica in an amorphous condition, usually with some 
water, and includes not only noble opal, b\it also those common 
varieties which are of no value. Fossil wood often consists of 
hydrous silica. 

The opal used as a precious stone is translucent, (iiid has 
a beautiful play of differont firc-like colours — red, yellow, green, 
and blue being conspicuous in some varieties ; while in others, 
one of these colours is prominent, the rest being less distinct. 

Perfect opals are very valuable, but their value is greatly en- 
hanced when they are set, since llie operation of cutting is very 
difficult, in consequence of thtdr brittleness. They are usually 
found ill cavities in arriygdaloidal rhyolite and some other lava.s. 

Orihoclase, Oligoclaso, and Iiabradorito. — Some varieties 
of ortboclase and oligoolase contain minute flakes of other 
material, are Iride.sccnt and exhibit a Ijcautiful play colours. 
They are called sunstone and mooaHone^ ami are occasionally set 
in brooches, but are too soft for rings. 'Fliey are chiefly obtained 
from India, America, and Ceyhm. 

Iridescmit Lahr adonis ^ which is cliictly obtained from the coast 
of Labrador, is sometimes fiund iu blocks of large size and of 
varying colours — violet, blue, etc. ft is used Ibr decorating 
artistic furniture, and is sonndiines cut for pins, iko. ' » 

A beautiful variety of orthoclase known as Amazoxi stone occurs 
as large green crystals in Siberia and the United States. It 
would form a pretty ornamental stone, hut is not transparent. 

Olivine or Chrysolite, which is also known as peridot, is 
a silicate of magnesia coloured with a small proport ion. of iruii ; 
its usual colour is bottle green of varfous shades. It is not so 
hard as quartz and but little harder than glass, bcMdes which 
it is brittle and therefore of very little value. . It.isian essential 
constituent of basalt, and occurs in serpentine. In ?7ew Zealand 
and New* Caledonia it forms a massive roick, which frequently 
contains chromite, and has been named dunite. 
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Epido^ is fi silicate of alumina and lime, with small propor- 
tions of iron and water, occurs orystallised in lon|^pifiSi>ls pfan 
olive-green colour in ohe diredtion and yellow or brown in another; 
#so that, like cordierite, it is dichroic. It is more a curious tHan 
a precious stone; its lustre is vitreous, and jit is too dark for brnar 
mental purposes. It is of common occurrence in many crystalline 
rocks, especially those which are lioniblendic, and in serpentine ; 
and it often accompanies beds of magnetite and hsematite. 

Eyanite ds a silicate of alumina, generally of a light blue 
colour, but also white, grey, or green. It occurs in long, thin, 
blade-like crystals imbedded in mica schists and gneiss. It ia 
of no value as a precious stone. 

Vesuvianito or idocrase is a i^omplex: silicate of alumina' and 
other oxides, and is allied to garnet, but crystallises in different 
forms ; it resembles tinstoiKJ, from which, however, it can be 
easily distinguished by its fusibility. It has a vitreous lustre 
and a hardness of 6*5, but is of no value as a gem. It is found 
in volcanic rocks at Vesuvius and in crystalline schists and 
gneiss in many localities. 

Andalusito has the same coinpositioTi as kyanite, but crystal- 
lises ip different forms, besides having, when coloured, a reddish 
tinge. The variety chiastolite occurs as small white* rod-like 
crystals imbedded in slate, and exhibits the form of a dark crosa 
due to impurities in its sections. It is a little harder than 
quartz, and its lustre is vitreous. 

Turquoise is a hydrous phosphate of alumina. It is amor- 
phous and opaque. The best (juality, the Persian turquoise, is 
of a l>eautiful sky blue colour. Odontolite, called by joweli^l^ 

turquoise of iiewrock,” is fossil bone, coloured by copper. It 
is of inferior quality to tlje true turquoise, and is. easily 
<lec<impbsed ; when the unpolished surface is carefully examined 
the structure of bone can he .seen. Odontolite occurs chiefly in 
cave deposits; while true turquoise is found in sandstones,, 
where it is found in secd-like group.s. 

ITltramarino or Lapis Lazuli. — This beautiful stone K blue; 
opaque or semi-transluccnt ; and is often traversed by veins of 
pyrites. It is a very complex mineral chemically (if, indeed, it 
must not be regardt‘d as a ro<tk), consisting of silicate of alumina, 
with soda, lime, sulphur, clilorine, ifec. So long as the pigment ' 
which bears its name was obtained solely from this sout^e^^the 
price of the colour was enormous ; but since it has been.mahu- 
factured artificially the price has been greatly reduced^ and 
ultramarine can now be obtained at a fraction of th^ prico 
formerly paid for it ' ^ 
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Although its ally, ha-uyne, is crystallised, lapis l.izuli occurs in 
a massive state, being found^in crystalline liinestono on the banks 
of the Indus 3 and in granite, in fersia, China, and Siberia. It 
is used in mosaic work, and costly vases are made from it ; but 
it is also, worn as a jewel. 

Boraoite. — This mineral, though not a gem, is included licro 
on account of its hardness, whicli is tliat of quartz. In the table 
for the determination of minerals it is placed with tourmaline, 
which it resembles by containing boron, and also in becoming 
electric w-hen heated. It contains chlorine, and, mixed with 
ox^de of copper, will colour the flame azure blue. It is rare, but 
is found in small white crystals with gypsum and rock salt. 


COI.OUUS OF J^KKCIOUS STONES. 



SCALE OV HATIDNESS FOE PUECIOUS STONES- 

6/ Apatite (not a preciona atone); scraLchcrl by steel. 

6*0 The hardest glass (imitation gems are still softer), 

6 Orthoclase ; scratf.lied by iiardencd steel, 

Tnrquoiye; „ „ „ 

6*0 Olivine or peridot, i 

7 Quartz, amethyst, cairngorm, \ Toiirnialine, . ^ ' 

7*6 Zircon, garnet, , . . j cordierite, . 

S Topaz, spinel ruby, emerald, beryl, phenakite, . 

3*5 Ohryaoberyl. ■ > „ 

9 Corundum (sapphire, ruby, wiental cmeridd, amethyst, 

oriental topaz). ”, 

10 Diamond. * ^ 


[ Opal. 

'Giamct and 
*1 : varieties. 
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• SPBClBt<J..Q;i^yit3C OS ^ 


Agate, 

.• 2-6 t<> 2-d 

Hauyne, . 

.2*4, td^>6 

Amethyst, . 

. 2*5 

„ 2 -8 

Heliotrope, 

. 2*5' ^28. 

IBAndaluBite, • ' 

, 8'1 

„ 3 -2 

Kyanite, . 

. 3*5. ,, 3*7 

Beryl, 

. 26 

» 2-8 

Labradorite, 

. 2*68 ,, 2*74 

Bloodstone, 

. 2'6 

„ 2-8 

Lapis lazuli, 

. 2 38 2*42 

Boracite, . . 

. 2*9 

„ 30 

Oligoclase, 

. 2*G4 „ 2*58 

Cairngorm, i 

, 2*6 

II 2'8 

Olivine, • , 

. 3*3 „ 3*5 

Carnelian, . ^ . 

2-6 

2-8 . 

Onyx, 

. 2 5 ,, 2*8 

Cat’s eye, . , 

; 2*6 

II 2-8 

Opal, 

. 2 *0 „ 2*2 

Chalcedony, i, I,;- 

. 2*6 

II 2-8 

Orthoclase, 

. 2*53 „ 2*58 

Chrysoberylj • 

. 3*7 

II 3-8 

Bhenakite, 

2*97 , 

Chrysolite, \ * 

. 3*3 

II 3-5 

Plasma, 

. 2 *5 to 2m 

Chrysoprase, ^ , 

, 2*5 

„ 2-S 

Onartz, 

. 2 r) „ 2*a 

Citrine, , ; 

. 2*5 

„ ‘-'8 

» Kuby, 

. 3*9 „ 4*3 

Cordierite, 

. 2*5 

• 1 .'T 

11 - < 

Sapphire, . 

. 3*9 „ 4‘2 

Coruiidnm,.. • , 

» 3*9 

4..> 
if ^ “ 

Sardonyx, 

. 2*5 „ 2*8 

Crocidolite, . , 

. 3*2 

II 3 :{ 

Spinel, 

. 3*4 4*1 

Diamond, . . 

. 35 

„ 30 

Topaz, 

. 3 4 „ 3 *j5 

Dichroite, • • 

. 2*5 

0*7 
, * ^ i 

Tourmaline, 

. 3 „ 3*8 

Kmerald, . . 

. 2*6 

” - 

Turquoise, 

. 2*6 „ 2*8 

Kpidote, , , 

. 3*2 

,, 3*5 

Vesnviauite, 

. 3*3 „ 4*0 

Garnet, • 

, 3*5 

1, 4-3 

Zircon, 

. 4*0 „ 4*7 


CHAPTER V. 

STllATIFIE]) DEPOSITS. 

Those classes of mineral deposits which come under this head 
have been fomed at tljc same time as the rocks with which they 
arc intewtratified, and, indeed, may bo looked upon as rocks 
themselves. 

Such substances as slate, inarhle, and the various building 
stones, which arc quarried ; coal, some deposits of ironstone, 
rock salt, and gypsum, whicli are either quarried or mined; and, 
lastly, rocks which are impregnated, 1o a greater or less extent; 
with metallic mineral.^, come under thi.s group. 

Regarding those •substances whicli have to be qtmrried, auch. 
as slatea: and the various building sronos, it is not proposed to 
enter into' any description, while? the other two groups r^uire 
separate tm^ent, because the former (of which coal.hiay>’be 
taken as. a .jbyue) 'Will be worked so that the greatest quantity of 
material will oe removed; the latter so that only that pqrtion 
be taken which will be of a remunerative character. 
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Coal. — Ti will be of advantage in the first instance to study 
the manner in which coa] has been formed, and thus arrive at 
Rome of the pnnciples whicii govern its distribution. 

That coal is of vegetable origin may readily bo proved by 
examining a thin slice of that substance under a microscope, 
when the tissues of plants can be more or less perfectly seen ; 
but in roost cases there are two kinds of structure visible, one 
the so-called strCicture of mineral charcoal, resembling charred 
wpod, in which the vegeUiblo tissue cannot be recognised ; and 
the other, composed of round coll-like bodies. 

^^In recent years it has been sliown that, in many cases at all 
events, the bituminous or volatile matters in coal are due to 
these round cell-like bodies, and tJiese have been traced to the 
resinous spores of plaiits which are allied to the club mosses of 
the present day : hut unlike tlieso, which seldom grow to more 
than a few indies in height, the yilants to which these Spores 
belonged grew to a ^e^y height, and the cliniatO and con- 

ditions generally must have been •*xtremely humid. 

It is now generally considered that coal seams were formed 
on the sites where the plants from wliich they are derived grew, 
and^ therefore, that the bed of umleroUiy which is frequently 
foi^nj below the coal w^as the soil upon which these plants 
grew; but in some few cases coal seams may have been formed 
by vast accumulations of drift wood. That most seams of coal 
Were formed in situ is borne out, however, by the occurrence of 
roots in this under clay. 

A careful examination of any st'Ctimi in which seBms of coal 
occur demonstrates the fact tliat the rocks with which they are 
chiefly associated are alternating beds of shale arid sandstone, 
with occasional beds of fireclay and ironstone. It is not at all 
unusual to find a thickness of sev(u-al hundred feet of those 
rocks, including several seams of coal of varying thickness and 
quality, some of which could be worked to advantage, while 
others are not of sufiicient value to pay for raining. 

It is seldom the case that these shales and sandstones contain 
marine fossils ; remains of plants and occasional fresh- water shells 
are the only fossils tliat occur in thorn, and there can be. no 
■doubt that they we?'e clejiositcd under conditions which allowed 
of the growth of dense forests, of their submergence b0low fresli- 
water areas, and of their subsequent elevation when^fresh forests 
grew, which in theii' turn were altered to coaL ;$,ubscquent 
depressions on a larger scale have in many cases sv.bnierged these 
co^-V>eariDg bods below seadevel, and rocka. containing marine 
fosFils are then found overlying the coal-bearing series. 
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Tt will be perfectly that with, the mode of formation 

described tlie extent Of v^imhle Gfeams of coal is nb& nOdii^aaadly 
coterminous with thodhcUes and sandstones with w^hic^.tliejr;are 
* in tera t ratified. , , The extent of the coal scams will depend tp a 
great extent upon the local conditions which prevailed at the 
time of their for jnati on. ; and whereas the conditions of soil and 
cUinsite maJi; have been identical over very wide-spread areas^ in 
which case the coal will be of uniform tjuality and thickness for 
great distances, it may equally well prove that these conditions 
were very locah and consequently that the seams vary much in 
short dis^nCes, thinning and deteriorating in passing from pne 
property to another. ^ 

It is seldom the case that* seams of coal are found in an 
absolutely horizontal position, and so, if they have any dip at 
all, they are generally lo be found outcropi)ing somewhere 
or other. These outcrops 
may be, as in mountainous 
<*»jiiiitries,. represented hy 
a t'lilV, frequently with a 
hard sandstone forming a 
scarp, with the softer coal 
underlying it, as in tlio 
accompanying sketch, in 
whicli case the coal can 
ea.sily be tested and meas- 
ured with very little work ; 
or, as in flat or undulating 
country, where the rocks 
have been much decomposed, the outcrops may be obscured,, by 
surface soil, and then more judgment is necessary in order to 
decide what work should bo done. 

The following sketch (Fig. b) will illustrate the conditiona 
all uded to. Vf here these prev ai I, sonui information regarding the 
strike and dip of the strata and the probability of coal existing 
can geneteily be gained by an examination of creek beds or any 
outcrops of rock wldch exist j after which, a carefurexaminatioa: 
of the ^01 1 will frequently reveal small pieces of coal in it or, 
possibly, only a bJ&ck sooty-like smudge in the soil, which will 
alVord some indication of the bo.st places in which to sink szhali 
trial hol^s search for coal. is 

Surface prbspeoting ie of the greatest value for depositil pif.this 
class, and shtuld always be undertaken before any mo;^ expen- 
sive methods of testing' the ground are adopted. :Having 
demonstrated the fact that a seam or seaiq^ of coal exist on any 

6 
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property, the next point that iirill have to be considered in form- 
ing any idea of the extent of these coal seams is, to wliat move- 
ments have the rocks been subjected ; what, in fact, are the 
angles oflnclination or dip of the different beds ? Knowing that 
seams of coal are stratified deposits, or have been formed during 



Fig. 6. — Section. 

the same geological period as the rouks in which they occur, it 
will be certain that the coal .scams themselves have been sub- 
jected to the same movements as tin* rocks, and having once 
settled the position of a coal seam in a section, any. farther 
observations of di]> or strike may just as readily be taken ip the 
rocks which crop out at the surface as in the coal seam iyelf. 

To illustrate this by a section; if it is supposed that a coal 
seam has }?oen found cropping out at the surface in a cliff as at 
^(irig. 7), and dipping in the <Ure(;tion indicated, the thickness of 



the beds to the summit of the cliff can be measure, Snid then 
the upper bed traced along the surface towards the dip. Taking 
advantage of every outcrop of rock which is to be al^n, and 
noting the dip of each, an exact idea can be formed of the' course 
of the coal and the depth at which it will bo found at different 
points. If the dip was uniform, as shown m the section, this 
would be very simple ; but if, on the other hand; the -dip and 
strike changed at different places, the surface would .hfive to bo 
studied very carefully in order to arrive at these cdntflhsfons. 

In the following plan (Fig. 8) let (a) be a Cropping 

as shown, and (b) a bed overlying it, also cropptftg at the places 
marked, and dipping a$ shown by the arrows: In this case, the 
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main body o£ coal in direction indicflrted .by; the 

large arrow, and coaL strtich: a|ong this Jine coold to 

the rise in three dire0tioii»/ V - , ' ’ 

A surface study df the ground may thus be of 
value in detormiziing in. what direction boring operatioicta;.can 
best be carried on, And may frequently save a great expehdititre 
in useless bqrihg, since it is not a very unusual thing for bote* 



Fig. 8. — Plan. 


h(»los to be sunk when the same iulbrmation could be letter 
obtained by a surface study of tluj gro\iiul. ‘ 

This surface prospectiug, however, will not inform us whf^t 
the thickness of the coal seams may be in any particular area;; 
nor give, us any notion of tlicir quality. Having by stirfaoo 
work arrived at a conclusion as to the tlistribution of the, b|<bf,;; 
boreholes, situated judiciously so as to prove the thickness and 
quality of the seams, must be put down and an accurate kholf:*^ 
ledge regarding them thus obtained. \ 

U is an old and true saying that “a colliery well boiled da 
half won but even boreholes will not give notice at thj(^<4>ut* 
set of all the troubles which may bo met with in the worl^l^e. 
There inay bl^BiAall or even large faults which have distuyfb^ the 
seams, and may thus give rise to a large amount of dea^' ^ork ; 
or there may be bands of atone and partings, formed duf flag the 
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deposition of the coal bj streams 'which carried a oortain amount 
of sediment with them ; or “wash ORts” may occur where the 
coal hOiS been completely carried away by running water, and 
its place filled in with sand or gravel ; or the coal may even 
be cut out by dykes of igneous rock, which have been forced up 
from below, as at Newcastle and IlJaw’arra in Now South Wales. 
All matters such as these can only be determined in the 'work- 
ings, and we must always be prepared to find a fair proportion 
of such difficiillies to contend with and overcome. 

Surface prospecting and boring can, however, determine the 
area of the coal-bearing rocks in a certain district, and can 
demonstrate tlie existence of 'workable seams of coal in these 
deposits] beyond this the prospector can hardly be expected to 
go. There are alw^ays eleiuents of uncertainty in mining, and 
altliougli coal mining is perliaps the most certain of all, it is 
not free irorn disappointments. The quality of coal varies 
considerably, for while some classes are suitable for steam 
raising and smelting purposes, others have a much less ex- 
tended use ; but these characters w ill be referred to in a later 
chapter. 

In working coal it must be borne in mind that everything 
depends upon local conditions, the thiijkness of the seams; the 
prestijico or absence of bands iniersti-atiticd with the coal, and 
the nature of the roof and iloor ; atui it is worth while consider- 
ing a few points now which b(3ar upon the question. 

Scams of coal not more than 18 inches tliick can be worked to 
advantage under special circumstances, but these must all be 
favourable. The roof and floor must be good ; the inclination 
of the seam 'small ; tliere should be facilities for driving coal- 
cutting machinery at a cheap rate ; wages should be cheap and 
the sale price of coal comparatively high ; and, especially, there 
should be no competition with thickd- seams under as favourable 
conditions in the neighbourhood. 

■ Seams are worked up to 50 feet, aiid oven more, in thickness ; 
but^no special advantage exists in working a seam over 6 ft, 
or 7 ft. thick; as, although more coal can be won in , a given 
area, the expenses of supporting the roof and the difficulties of 
ventilation militate against cheap 'W'orking. Ifi the early history 
of a district the cost of working coal is generally at a minimum 
and even when w'ago.s are high, as, fi>r instance, in .the Ignited 
States^ there are many cases where outcrop coal Js worked at 
about 4s. per ton ; while in England, with lower* the cost 

is often 7s- y)er ton (or even more) when worked from shafts, 
with pumping and sur&ce charges to bo considered. 
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Tho presence of or layers of shateor stone in ,^ seam 
13 sometimes very 'ji^rejmiioiar to the working; 
will make an otherwise valuable seam useless ; but^ iu; , Other 
cases, where the bands are fairly large and separate easily from 
the coal, the i§tohe from them can bo used to build pack walls 
in the mine and they are no serious inconvenience. /. 

Iron Ores, — Deposits of ironstone occur under somewhat 
similar conditions to coal, but they are much more irregular in 
their extent. They are frequently found associated with the 
coal measures, but quite as often are interstratified with beds 
in which no coal is present. Most stratified deposits of iron are 
either carbonate of iron, known as apathic iron ore : carbonate 
of iron mixed with some carbonaceous matter, known as black 
band iromione; or a hydrous oxide of iron, known as brown 
iron ore. There are also deposits of red lucmatite, the anhydrous 
oxide, but these are of rarer occurrence. 

By far the greater quantity of ironstone mined is brown iron 
ore, of which the extensive deposits of Bilbao iu Spain may be 
taken as a ty})e. 'Die ores are mined aud picked so as to 
produce as high a percentage of iron as possible, and are sold 
on the basis of 50 per cent iron, so much per unit being paid 
for each per cent, above tliis. The prices iiaturally vary sorno* 
wliat, but from 4d. to Gd. per unit for or(?s of 50 per cent, and 
over, delivered in Wales or the North of Kngland, may be 
taken as about their value. It will be evid('nt that the max^n 
of profit iu working tins ore is slight, and that conditions have 
to 1)0 very favourable to allow of a deposit being worked to 
advantage. 

Hock Salt and Gypsum al'^o occur under somewhat similar 
conditions, but liardly merit any special remarks here, although, 
of course, the salt industry is enormous. 

Metallic Ores. — The* group of impregnated stratified deposits 
is well represented on the Cotifincnt of Europe by the Bimter 
sandstone, which in parts of Germany is charged with fine 
grains of galena, tlio whole rock at times containing abotit 3 per 
cent, of lead ; and by the copper slate of Germany in Avhich the 
impregnated rook, yieUls 2 to .3 per cent, of copper, and is 
richenod at places by veins which traverse it and contain more 
valuable ores. . 

It is of importance to note that such deposits as the, IButiter’ 
saudstoin and, copper slate have afforded employraeuti tb^ttlAny 
hundred men.fpr between 200^ and 300 years, and so may be 
looked upon as deposits of very great commercial importance. 
This also affords another illustration of tlie fact that very poor 
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depositB of tMs sort will pay well to work if the quantity of ore 
is sufficfeut. , 

Gold Deposits. — J5y far the most important, however, of the 
impregnated stratified deposits which have yet bqea found jxro 
the sOrCalled banket beds of the Transviuil. These* beds consist, 
of qnarU conglomerates which are interstratilied with shales. 
The' remarkable feature concerning them is that tho pebbles of 
the c<>nglomerates appear to be imbedded in a matrix of quart/, 
which must have been deposited from solution around. them ; it 
is in this enclosing quart/ that the gold occurs. There are 
several of these beds lying one above the other and separated 
by beds of shale, in the neighbourhood of Johannesburg they 
have been traced and worked for jiiiles along their strike. 

The most interesting and valuable fact regarding this deposit 
is the comparatively uniform yield of I.Ikj stone ; for while, of 
course, it is not all (‘(pially rich, experience has shown that very 
large areas yield ore which is constantly payalde to work, and 
that by opening the gix)und on a large scale a constant and 
steady yield can be maintained. It is difficult to account fo? 
the origin of these deposits; and although many theories have 
been propounded, it is doubtful whether any of them; satisfac- 
torily explain the occurrence, for it is not easy to understand 
how the enclosing matrix of (quartz can have been formed unless 
from siliceous springs which .also carric d gold ; and if^rtliis he 
their source, it is hard to i magi no that these springs should 
have the widespread distribution \\hiclj would be necessary to 
explain the phenomena. It is true that some chemical decom- 
position in inland waters might account for the occun’ence, but 
oven this it is hardly ]K).ssible to investigate at present on the 
basis of observed facts. 

Be their origin, however, what it may, it is certain that tho 
depQsila are widespread in tho Transvaal, and have opened a 
fSeld for gold mining such as has n(?vor been seen elsewherO, and 
under conditions wliicli have never before been secured. Instead 
of the uncertainty of reefs, in which rich shoots of gold are suc- 
ceeded by barren parts, thus preventing one from fonnihg any 
estimate of value beyond those portions of the , reefs or lodes that 
can actually be seen, the Transvaal beds have been so developed 
as to show their continuity and uniformity in such avinaiiner 
that they have all the elements of permanence poas^ed by a 
coal seAm. » ‘ ' 

Their early history, moreover, ^id not foreshadbV great 
value they would ultimately acquire; for it was found that by 
battery amalgamation <ORly ft comparatively small proportion of 
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the gold*was s&ved, ilte cjTADide proce^ tlie 

extraction of go^ the the Band w 

while it is equally tirvie that the success of the cyanide pjr!^^ is 
* due to the _Bandv>^.. 

In no part 61 thh World has gold mining been carried Wtipojn 
the extensive; scale which is adopted here, and perhaps in 
case has capital been so lavishly expended in equipping mines 
writh all the latest improvements, as no exjyense has been spared . 
when success. could be gained by incurring it. 

At the present time the Rand mines are yielding over 200,000 
ounces of f^ld every 'month, approaching a value of ^1,000^000 
sterling ; and there appears no reason to anticipate any imme> 
dilate falling od" in the yield. • 

No similar deposits to these have yet been found, but the 
prospector should devote careful attention to testing any similar 
beds he may meet with. It must bo remembered that eminent 
mining engineers did not attach great importance to these beds 
when they were first discovered on the Rand, and it is qpite 
possible that similar beds may be found elsewhere. There are 
certain conglomerates associated with tJio Carboniferous rocks of, 
New 8outh Wales in which gold has been found ; and in Spain , 
it is stated that auriferous conglomerates exist; but in ncit^OV 
case have they been developetl. ' ’ 

There are many other cases in which rocks have become ixit' 
pregnated with valuable minerals in the neighbourhood of ve&s; 
and dykes, which will be refcrrcil to under the heading oflV 
Irregular Deposits; but there is om' case to which attention;'?' 
should be called at iliis place, viz., the Reliibula deposits , 
Carcoai' in New Soulh Wales. v 

These bods, which croj) tmt close to tlie Belubula River, rise 
UP. a small hill, are regularly stratified, and dip towards t&e 
river, as in the following section ; — 



' ' Fig. 9. — Section. .. 

. tn a vertical section of about 90 feet, over 50 feet in 
is composed of jiaterkl carrying gold, i;; 

The aii ifiWous beds are of a fine sandy nature, and^a^i^'ivery 
easily crushed, while the beds with which they aife '; inter- 
stratified are of a slaty oharaoter, ah<i|^ are stated by ‘ some 
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observers to be very fine grained “ laccolites ; ” Uie whole series 
being considered as of igneous origin. There is, liowever, a very 
well tn^rked stratification, and the lines of demarcation between 
the autiferons and non-auriferous beds are well and clearly 
defined. 

The auriferous beds are not uniformly rich ' in gold, but 
vary ih their gold contents from mere traces to nearly 1 oz, 
per ton. Some thousiinds of tons liave been crushed in a 
battery, and are reported to have yielded between 5 and 6 dwts, 
of gold per ton. 

These beds are somewhat heavily charged with soluble sul- 
phates, such as alum. sulj)hatc of iron, ike., which makes it im- 
possible to recover a fair propertion of the* gold by ordinaiy 
processes, unless the ores arc previously roasted. 

Working Expenses. — The mo.^^i important matter for the 
prospector to bejir in mind as rctranls tlie occurrence of imprt'g- 
nated minerals in stratified deposits is, that, if it can be showu 
that these impregnations ('xteiid over a considerable area, the 
conditions of working will be such as to reduce working expense.*? 
to a minimum. Wilder no conditions in lodes can the ore be 
mined so cheaply ; ('onsequently, jf large beds exist it is safe to 
calculate that, working on a large scale, very low retinms will 
pay. It is true that a large initial expenditure will be necessary 
to equip tile mine on such a scale as will allow a margin of prolit 
upon low grade ores, but when this preliminary expense has been 
incurred the business becomes one of an industrial nature ratlier 
than the ordinary mining risk. It Is true that very little 
prospect cxi.sts ef tho.se sen.sati<mal returns which sometimes 
enhance the value of shares in an abnormal manner, but steaily 
profits can be looked for if proper care is exercised in the 
management. 

There is yet one point to wJiich attention should be called 
when considering the working of stratified deposits generally, 
whether coal, iron, salt, lea*!, copper, or gold — viz., that the 
whole 8ucces.s depends in every ca.se upon a most careful attention 
to detail. It must bo acccpte<l as a principle that the profit per 
ton of ore mined will be Finall, and that a little laxness in the 
management here and there wdll very soon'eonvert a surplus 
into a deficit. When it is considered that on an output. of 1,000 
tons a day a halfpenny per ton represents over £600 a year, it 
will be seen that the most rigid care has to he exercised on small 
details in order to make this class of mining Stlcoe^ful. It is 
true that this question, peAaps, hardly afieots the pro-spoctor ; 
but still it should be« always present in his mind, for he must 



89 


MINKRAL VEINS AND LODES. 

look aheatl and’bo able W. decide ’ivb ether any property which he 
secures will bear the investigation it is sure to receive* befori^he ' 
can reap any profit from his discovery ; and a thorough khpwled^^ 
t)f the conditions which should prevail in subsequent working is 
the only way, lii which he can avoid mistakes and an itudiio 
expenditure of time and labour in the early history of a mipe. 


CHAPTKU VI. 

MINERAL VE1N.S AND LODES. 

Fracturing of Hocks. — Bearing in mind I lie numerous move- 
ments of elevation or ilepi-ession to whieli strata have been 
subjected since they were originally formed, and the dislocation 
lo Nviiieh these movenieuls have given rise, it becomes possible 
to investigate the origin and eliaractors of metalliferous deposit 
occurring in lodes or fissure >4 in the rocks. 

Ft will at once be apparent that when sodimontiiry strata in ’ 
an unconsolidated condition arc raised fnun tlu^ sea, tilted frora 
one oiul, or even folded into a number of ant lolinal and synclinal. 
ciirv^e.s, they will still bo in a Hutfii-iontiy plastic condition to ^ 
adapt themselves to any fresh form whicli t.hcv have to assitmo. 
This is the reason why the younger sedimentary rocks seldotsi 
contain mineral veins unless they have been hardened rapidly 
by some local cause. On tlio »)ther hand, where strata have, . 
during the lapse of ages, become consolidated, and changed from 
iiuid, sand) or clay, to shale, sandst<me, or slate, either in conse- 
quence of great pressure or chemical action ; or where they have- 
been further subjected to the process of nietamorphi.sm and thus 
assumed thb characters of quartzites, scliist, ov gneiss, it will be 
evident tlxafc any further movements of the rocks must bO; 
attended by the formation of civicks or fissures traversing them, 
because they are no^ longer sufficiently plastic to accommodato 
themselves to new forms without breaking. 

In the present chapter, the maimer in which cracks may. bb 
formed and. the method by which they may be opened to friA 
uudergrottndAdt^inage. channels will first be conside^-^-ti^d: 
afterwards fiomf attention devoted to the manner iu wWeh.^tSfiei 
\'al liable ininoirals have been brought into the reefs. ; 

Any granitic upheaval, Qr intrusion of other crystalline rock. 
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tilts the adjacent beds^r atid^if these are bard, foihiis a number of 
cracks or fiiSsures in them, following a direction parallel to the 
line of upheaval. These cracks are of two kinds, vis., those 
which dip Op underlay away from the line of elevation, and thos6 
which are inclined towards it. 

l^a are of very different degrees of hardness, and, when 
brok^, the line of fracture will vary in angle in the different 
beds. Prospectors hardly need to be told that this is the case, 
for they know from their own experience that different classes 
' of rock break very difierently wdien struck with a spalling 
hammer ; some have a clean straight fracture, others break with 
curved faces, and others split more readily in one direction than 
in any other. 

It is the varying angle of fracture in different classes of rocks 
which has beon tlie primary cause of the opening of mineral 
veins or fissure lodes, as will he demonstrated shortly; bub in 
the meantime the fact is of the greatest importance to be 
Tomembcrecl. 

It is seldom ease that the line of elevation is exactly 
parallel to the line of strike of the beds, since these have gener- 
ally, wdiUe in a plastic condition, been subjected to certain 
plications, lienee, in by far the greater number of cases, lodes 
pass through several different ])elts of strata ; thus a lode, instead 
of being rejiresented by a straight line on the surface, follows a 
sinuous couitio, whicli is determinod by the characters of tlie 
rocks through which it passes. 

In investigating the histor\ of the formation of lodes it may 
be assumed that a granitic l oss has been forced upwards and has 
tilted and fractured the n»eks resting upon it; and after tliis 
.some settlement of the rocks ha.s agairi taken place before they 
assumed a stable condition. These movements ara attended 
>with results which may be illustrated by the following diagram 



S^tiimeniarn 

Fig. 10. —Section. ;1 


The upheaval forms cracks through the overl^^g/ktrata from 
(a) to (6), these cracka' dipping away from the line of elevation 
represented by the* granitic boss ; a settling down of the beds 
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results in^ sliding of thcf rocks .6n the kangtog wallsi4e of tho 
fissure over those on ^0 fcotvall side of/ii \ J, 

It has already been pointed out that the cracks do not ' 

file various be^ at a uniform angle, and so, when a sliding t^dfee^/ 
place of one uneven surface on another, the result will be^tji|^.t 
certain parts of the lode will remain closed, whilst other psu'ts. 
are opened* , is illustrated in the following sketch : — " 



Fig. 11.— iScctiou. 

Underground channels arc thus opened which are subso-, 
quenily filled with the various iiiineraLs of which lodes are,, 
formed. " 

The opening of fissures in this miinner can easily be demons- 
strated by drawing an \uieveii lino on a piece of paper, tracing! 
this line and allowing the tracing to move on the original. 
result will be seen to be that the steeper of the lode 

opened, while the flatter portions remain closed. 

Tho settling down of the graniti* boss gives rise to another 
series of cracks, which underlay towards the line of elevation (as^ 
shown in the sketch), and these open in tho same manner by the 
sliding of the hanging wall on the foot wall in the granite area, 
the sedimentary rocks having by this time come to rest. 

Lodea.— These moveinents are attended by the formation of ^ 
a number of intersecting lodes in the region of a (Fig. 1 1), where 
tlio two series of fissures meet ; and many secondary lodes rnighfr v 
also be formed having a less angle of inclination than the prid- '' 
cipal fractures; also, since these cracks must terminate at some 
point or othcff, cross courses are produced having a directipn ; 
nearly aifc>igHt angles to the average .strike of the truer^^s. 
These cross cotrsee may be either barren or productive, aS the 
conditions of the country are favpurahle or not. Tho rntjlnrate 
result of these movements is to form a num^r of underground 
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galleries through which water can circulate freely > these sub- 

terrauoan waters deposit the various minerals found in lodes. 

It will be evident from an inspection of the following .sections 
that in a simple fissure the steeper parts of the lode will remain 
open^ the fiatter portions being closed ; but in those secondary 
fissures, which junction with the main lodes, the reverse will bo 
the case, because the wedge-sliapod block Jietween the two 
fissures would be but sUglitly displaced, while, tlie block of 
country wluch fonned the hanging wall of the main lode*. 



and the footwall of tiio secorulary lode slid on *tliG , foot wall of 
the main fissure, opening tlicj fiatter portions of the secondary 
fracture. 

There are many <lisTri(‘ts in which the cause of upheaval is not 
apparent, no bo^s of grajiitc reaching the surface, and yet liio 
characters of tlu; reefs point to an origin such as described ; but 
there arc nuiuy other localities, of whieli the (lulgong Goldfield, 
New ISofiih ales, ujny be oited, where there have been (‘ther 
agents at work in the foriuatiou of n3efs. At Guigong the 
auriferous lodes arc very closely related to dykes of dioriie 
which penetratf* the Silurian slates of tlic district, and the same 
may be said regarding many of the iotlos of Western Australia. 
These dykes Jiavo clearly had something to do with the origin of 
the lodes, and have, moreover, deterrained to a large extent 
their auriferous character. They intersect the strata at various 
points and vary greatly in thick iie.ss ; but Wliere the strata arc 
not penetrated by tliein the reefs do not appear to be auriferous, 
while the greater quantity of gold is in leaders trayfewing the 
diorites themselves. . 

In districts which are traversed by dykes^^n^^Sir; series of 
considerations comes im These dykes have bi^ii fonned by the 
fracture of the strata from some cause or other, and the wedging 
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asunder of the feeds hy faSj^ >ock under great pressure. 
this rock cooled, a nuriiber "of cracks would be ; 

shrinkage, which would twit necessarily follow any speci^rdi-J 
I’^ction. At Gulgpn|^fhel)eds are traversed by a greet’ number > 
of* flat-lying letters, which, in many cases, die out entirely .wheb 
tliey reach the junction of the intrusive rock with the sediment 
tary beds. It is .more than probable tliat reefs which have itp ' 
connection with these flat leaders, and were formed contempp-’ 
raucously with the intrusion of the dykes, will yet be found 
traversing thh adjoining slates. 

Lodes traverse strata winch liave been tilted at all angles, but 
are never, continuous throughout their course in one particular 
bod. Thi^ leads US to the consideration of tlie distribution and 
extent of the rich parts of lodes. 

Distribution of Oro in Lodos.- - It is apparent that when 
the angle of underlay of a lode conforms more or less closely to 
the dip of tlie strata which it ii\torsect.s, the character of the lode 
in depth will be more uniform than when it intersects a number 
of difler ent belts of rock ; becaust; flio angle of the line of frac- 
ture will be uniform over greater areas. Kven, however, in 
cases of this sort, Bufllcicnt difierencos in the physical con- 
ditions of the rock will exist to make theiracture more or less’ 
irregular, and there will be portions of the lode Avhich aye 
w'ider than others. 

VVJujn, on the other hand, the strike of a lode corresponds 
over long distances with the strike of the strata, but the lode ; 
underlays at a steepen* angle, and thus intersects a number of 
different bands in depth, constant oliangcs in value will befound;= 
in sinking, but more or less uniformity horizontally ; this ebn- 
.stitutfts the difference between lodes in which the ore occurs in ^ 
shoots, and those in wliicli it is chiefly found in flats or courses. ' 
When a lode which is underlaying at a steep angle also crosses, 
the strike of flab-lying sirat;i,, it will intersect a number ^of 
different rocks, both along its course, and also in depth; and 
the ore will be distributed cither in bundles, whidi have a very . 
limited extension in every direction, or in very flat dipping^; 
shoots. As the ^course of the lode \ arics so as to more closely^ - 
asfliinilatS to tho strike of the rocks, the horizontal extension 
these bunchy increase.^; while, as the strike of the lode ap-V 
proaches'a direction at right angles to the bedding of the atratW ' 
the deposits obcur in shoots, wliich dip steeper anc^ steeppr iju 
the reefs aS tfee^dfrection more nearly approaches a rigltt-B^le' 
to the bedding of the strata, 

I’he following sketch plans are designfecr to illustrate tho 
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lOl^niier in which shOots of ore dip in lod(3ft imdqr different 
conditions^ bnt the best idea can be gained by making a model 
2md cutting sections through it in various direotions. 



UAJAA U i H 1 ! .g.- 

rian. Plan. 

ITig. 13. — f(, Dii» of country ; ft. Underlay of lode; c, Dip of shoots. 


In tlie foregoing illustrntion.s, when the dip of the country 
' increases, the ulioots of ore rncire nearly approach the vertical ; 
and when strata standing on end arc intersected by a vertical 
reef tat right angles to thfj course of the beds the shoots of ore 
are vertical, and prataically occur as pipes or columns of ore. 

It will be seen, then, tliat the character of the rock or countiy 
exerts a very great influence on the behavdour of lodos and on 
the distribution of tlio rich part.s ; this has been proved, boyund 
ydouht, to be the ertse in r'V<^ry district which has been carefully 
studied. Every prosj)ector is acquainted with the term “kindly 
ground,'' whicli is used to designate those belts which 

are favourable for the occurrence of miuctal deposits; but the 
, characters of tlicse belts vary greatly in different districts, and 
their local pharacters must be determined in eac^d^l^ict which 
we may be called upon to examine. ; V ; 

As a general rule, those rocks which ate, jm^eratcly hanl 
appear to be the most -favourable for the odciiirrence of ore, 
because they possess sufficient coherence to remain open wlicn 





MINBHAL VEIKS AND LODES. 95 

they have.been a iPe?irtf^p0 

to fracture in the &Ataiici:S T6C(W,^'m<i^ 

sliales, seldom cariiy ' valitAWe deposits ; because/ the ' ^ 

iftrmed are not lijkely to i^tnain open as channels/ bit I 
quickly filled WKK jTftllen matter from the hanging wall. ’ ) 

The foregoiDg remarks give some idea of the raanper in wbujeh ' 
the \arioiis dOdes have been originally formed by fractures in 
the rocks, hoiv these cracks have been opened by the action of 
gravity so as, to form underground galleries through .which 
water could ciiiulate freely ; and a stuily of the lodes tliemsClyea 
furnishes fr'erii Confirmation of the facts that have been stated. 
It is found , in many cases that the walls of lodes have been 
smoothed, polished, and striateni bv the sliding of one rough 
irregular surface on the other, and the direction of the striationa 
shows the direction in which this sliding action took place. 
Where rocks are not sufficiently liard lo preserve the striationa 
or “ slickensides,” a thin clayey parting or “llucan,” separating 
the lode from its walls, is frequently found, which, it can hardly^ 
be doubted^ has been formed by the grind ini: of the rocks. Th^^: 
walla of lodes, for some little distance on either side, are also, id'' 
many itistances, somewhat shattered bj^ tJu5 iiioveinent which has 
takoji place ; and, at times, as for instance in the xAlburnia mid^'' 
in Now Zealand, this change has been so marked as to give rJSO\< 
to the suppositions that tint rock alongside, the lode was clifferentf'.'A 
to that a short distance away ; and that the bedding of the{. 
<*ountry correspondf'd wiih tlie underlay of the lodes thernselvea^ 
instead of intersecting them at a tlat angle as is really the case. , .\;' 

A study of reefs will also convince us that they have 
deposited by the agency of water, for in many cases the mineral 
IS arranged in a series of bands or zones parallel to either Wall. 
In many cases also the walls have been altered by chemical meads, ? 
sometimes for groat distances from tlie lodes themselves; thus,u 
in tin districts, the granit(‘ is often decomposed or kaoUnised by- 
the actioD of percolating water; while, in other localities, the 
walls are sometimes hardened by silicilication of the rocks, 

No lodo has ever been fi)rmed by the intrusion of tjuartA in av;; 
fused condition. A very few moments' consideration will 
vince the* practical flrospoctor that this is the ease, for quartz id' ; 
one of the most infusible substances known ; so infusible, in 
that in n^y^Df the volcanic rocks, in which free quartz 
no doubt that the crystals were formed in theuni^ri^; 
laboratories 6f^bu*earth and floated to the surface in the 
magma, ca fact which is . borne out by a microscopic e^aniidation 
of the rocks, when the line^ of flow can be traced around the 
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crystals. Quartz, theo, being of so. infusible l native, would, 
if it, bad been intruded in a paolten “condition, have been auiii- 
oiently hot to melt the more readily fusible rocks through which 
it passed, and any theory founded upon the. supposition of filling 
from below by the agency of heat is necessarUy. wrong, as the 
walls of lodes never show any evidence of having been subjected 
to a heat sulliciently inicnsfj to fuse them. 

Studying lodes, then, as simple fissures, the conclusion is 
arrived at that the a /erage underlay of a lode does not in any way 
determine its oro-l)oarLng projxn'ties ; but that, even in the same 
district, lodes may b(' vertical or lie in an almost horizontal 
position and yet bc' e(|ually productive ; but the. successive in- 
clinations of the difienail. part*; of lodes are of the greatest im- 
portance ill determining the distribution of the rich parts. As a 
general rule, the steeper parts of lodes are the richest, although 
this is not an invariarde rule ; tin* reverse being often tho case 
when hanging wall leaders malvo junction with a main lode. 

There arc many other j)oints, however, to bo considered con- 
cerning the distril)Utiou of the rieii parts of lodeS- It will -bo 
remenil)ered that lodes fidlow a sinuous course along the surface 
or along any level in a mine, and so the rich parts will be un- 
equally distributed along a horizontal line.. This irregular 
distribution also do])eiKls upon tho dillerout rocks through 
which the lode passes along its course, and since it is generally 
found that the richer parts are those in which the lode corre- 
sponds ill direction most m^arly to tho line of elevation, this 
distribution of tho rich ]»arts in tho upper levels of a mine will 
frequently servo as a guhh* hy whi^-h to determine the “kindly 
country ” of any particular district ; and a geological examina- 
tion of the district will afford data by which it may be inferred 
• in w'hat direction the shoots of ore dip in the lode itself* 

Observations have hitlierto been confined to a single fissure 
'produced^ by a single uplieaval or movement, but eiuglo fissures 
X>r lodes are of most unusual occurnmcc, and it is notorious that 
■ where they do occur they very seldom contain a sufficient quan- 
tity of valuable mineral to pay for extraction. As rule, the 
force which has ]irodueed one vein has also jiroduced a scries of 
others parallel to it ; and it is a noteworthy fact that where tho 
behaviour of one of these has been determined, the behaviour of 
the others and the di.'>tributioii of the rich parts ;,cap^'^cnerally 
be predicted with some precision from a of the 

conditions enumerated. , 

In the mol’e known and better opened minting 'districts, such 
as Cornwall and Freiberg, it has been shown that several sue* 
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cpfisive series ofi lodea of- 

from different fblWi^g 

courses are genenilly cMVd;(^ri(Kd special minM^als j 

Jess known minoj^l Siitncts have not yet been sufficiently 
to state tliese(fa^^a aiith^ofitatively. 

These uplib&yab of the strata along different lines bavo^hot/ 
only opened It seAea. of fresh reefs each time — the younger bnes^; 
intersecting .thciiie: which have been previously formed — but\.i|fe',' 
not a few Cilses, the later movements have re-opened some of the 
old reefs in an irregular manner, and so some of the accessoi^ 
deposits haV0. been formed, which are frequently so difficult to 
account foi^ but which are met with in lodes from time to time^ 
apparently defying all attempt a to explain their origin or to 
predict their Cxtent. 

Rich deposits in lodes are also cut off ahriiplly at places by 
slides or faults, but the study (»f these anrl the means to be 
adopted for the recovery ot lodes will form the matter for a sub- 
sequent chapter. 

How Iiodes were Filled. —A point has now been reached in 
the consideration of the subject at which it is necessary to allude' 
to the manner in which lodes or reefs have been filled with their'^^^^ 
mineral contents. Before stating what is probably the truo/.^ 
account of the filling of these cavities, it will be well to glance.;-\ 
for a few moments at those theories which have been proposed/ ; 
and which) for one reason oc* other, must be rejected as 
adequate to account for observed phenomena. , 

In the eatly days of geological research there were two achoOl%, ? 
of geologists, one of which attributed everything possible^ to 
igneous origin, or the action of heat ; wliile the other school 
souglit the aid of water to exj)lain most of the observed facts/ 

Tt is needless to remnrk that these extreme views led to a very ? 
great number of absurd theories being propounded, both on one 
side and the Other; but the mode of origin of reefs has remained' > 
a matter of^ dispute after many other points of difference have K 
been settled^ 

It has been held by one school that reefs or lodes arc 
igneous origin, and have therefoi-e been filled from below 
crust of tho earth ; jftid, by the other, that they owe their Originjif,- 
to aqueous agencies, and have been filled from the surj^M^I v 
but neithierrof these views can he taken as correct iii.'jjt^ '" 
entiretyre'/^f A';, ^ 

Of courSCj^soiJOhg as th^se two theories were held 
parties, it was aupposSd that if a reef were filled from 
would necessarily widen as it went down ; whereas, if the Ming 
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tQok:|>lftC6ilrom the s^rfac^i the-yid%:Of the rc'bf wov.ld gradu- 
ditflinisl^ilhia^^ it at la^t pinched outir . 

It Will ,be wben from the explanation* WliWk has already boon 
given oonperning the origin of the fissurpa w£iq]i haye since bee. A 
filled >with different minerals, that all triie,; reefs rftust 

necessarily thin out and widen a great nuniber of Mines between 
their outcrops and that point in depth at which the difficulties 
\of working exceed the valne of the mineral, for no true fissure 
V^ein has yet been proved to <iie out entirely in depth, 

It is ‘stated by many authors that another sedoll^ of veins, 
kno'wn as “gash veins/’ does exist ; but their occurrence is of a 
'Very doubtful nature. Tliey are variously described.‘% “ lenticu- 
^ lar cavities,” “\eins conliuod co one formation,*^ without 
.regard to their mode of origin, and so include several classes of 
deposit which should bo otherwise classified- Gash veins, if they 
do exist, may be regarded as lodc\s formed by the folding of 
strata after consolidation ; those occupying the anticlines being 
necessarily wide towards the surface and narrower as they 
descend j whilst those occurriiig in synclines would widen ' in 
depth until the next underlying foi ination was reached, when 
they would cut out. It is possible that the $ad4)^ reefs of 
Victoria (which will be described in the chapter on <feld) might 
. belong to this class of deposits, but by far the greater number of 
' the sa called ‘‘gash veins ” btdong to one or other of the irregxdar 
.deposits to bo prosontly doscribod. WJien a true lode appears to 
.. pinch out, it will inevitnbly widen again lower down j and when 
. it is cut off by a slide, it. may ho found again heaved fpr a greater 
. or less distance either to the right or loft. What the prospector 
or miner has to decide i-s whetlior it is woi-th his while to spend 
, the time and money necessary lo again n'cover a lode that has 
lost. 

Having from time to lime oxainiiu‘d luirribers oif/quartz reefs 
. 'in different parts of the worhl, it jnay he safely afl^ncd that in 
wno <^se that Las come under my notice liave the Walla of lodes 
been* altered by otln'r nieans than drco]nposition dr ,an;infiltra- 
' Mop of silica, which frequently hanlens them ; heBidos which, 
quartz, as already pointed out, is far less fusible than piost of the 
through whicli the reeds pass. A careful 
iuori^ver,' shows tliat reefs have been opened by/i^fae sliding 
action previously clescribetl, the walls being frequei^lylscratcluicl 
and striated by this movement. When tlito ^p^lB.«^^^"xamined, 

1 no signs whatever of fusion having taken Been, hut 

many an^lar prominences yet remain. Ip iniLny cases lodes .ire 
also found to have a banded structure in lines parallel to the 
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Avails, th& rliHelront fOmatioDad eai^taiauig d^e;^l)ii^ min- 
erals, showing; that fiol^iOnB which deposited these >m|ntoda 

varied from time to » 

A consideraticm of the foregoing phenomena leads to the con- 
clu!Roii that in every case lodes have been filled directly by 
crystallisation of minerals from solution, and that the constiW* 
cuts of these minerals have been dissolved from the rockc 
throuijh which the subterranean water filtered. Tn some cases 
they may iiave been derived in the immediate vicinity of the 
lodes in which they are found; and, in others, they have come 
from some considerable distance, being only dp]>osited when the 
waters have met with rocks of special composition or other con- 
ditions have been favourable. 

Jn speaking of this subject it wdll be well to give some 
familiar instances of the solvent action <)f water under difierent 
conditions. 

Limestone, for instance, is iiearl}^^ insoluble in quite pure 
water ; but when this Avat(-r has previously dissolved a certain 
(juantity of carbonic acid, which all rani water takes up in falling 
through the air, it is then capable of dissolving carbonate of 
lime. All water in limestone districts is “hard,” or, in other 
words, contains carbonate of lime in solution , and the caves, . 
which are always found iu limositme, show tlie extent to which 
bolution has gone on, Ca\es, how^ever, not only afford proofs 
that the limestone has been dissolved, but sliow' also how it may 
again be deposited, the ‘'taJactitcs wliioli hang from the roofs and 
the stalagmites on the doors having been thus formed. Tn many 
cases deposits of caJ<’areourt siiitcM- occur on the surface, and soifie , 
remarkable deposits are found in mines, to which allusion will be 
subsequently made. I’he action of carbonic odd is not, however, . 
limited to the solution of carbonates, but has also the power of 
decomposing many mineral.'^, such as tJie felspars, in doing which 
it dis.solves the alkalies in the form of carbonate, and sets free 
silica in a soluble form. Quart/, is also soluble in these solutions^ 
ofialk aline carbonates. 

The sotvont action of water charged with carbonic acid m 
greatly increased \jhen either the tem])erature or pressure is 
augmented, and as soon as the temperauire is lowered 
pressure decreased the substance held in solution is again 
<leposited. 

Asa proof of the foregoing statement, reference need oitly be 
made to the hoC>$prings of the liotomahana district, N.Z., wh^re, 
before the Tarawera eruption which destroyed all the tertaoes 
which had been deposited by these springs, all the actions 
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specified mre going on, / The liratercai^e to the LurfacQ charged 
with carbbnic/Bcid, which was giveii off when it reached the sur- 
face»; the pressure having been dlmiuisJ^ed, and the silica which 
had been dissolved front the rocks through which the water had' 
passed v^as again deposited as sinter, forming the &mous wWte 
and pink terraces. The silica held in suspension "by the water 
was the cause of the bright pellucid blue colpar so cliarac- 
terieUc of these springs. The sinter consisted entirely of 
silica^ while carbonic acid was evolved in large quantities at 
the geysers. 

Sulphuretted hydrogen is not Jess important in the chemical 
laboratories of nature. Asa gas it issues from springs in luany 
districts, being readily recognised by its unpleasant smell like 
rotten eggs. This gas has properties which are relied upon for 
many reactions in analytical research. It precipitates some 
metals in acid, others in alkaline solutions ; but most of the 
metals are dissolved in alkaline sulphides. 

It is essential to remember that in all cases, whether water be 
charged with carbonic acid or sulphuretted hydrogen, the solvent 
action is greatly increased by pressure or heat; and that when 
the temperature is lowered or the pressure decreased deposition 
will ensue. Tliis is the principal reason why minerals have been 
deposited in lodes, for it must be borne in mind that the w’atcr 
circulating in lodes cannot be under the same pressure os it was 
when in the pores of the rocks, and that as it rises towards the 
. eUrfaoe the temperature steadily decreases. 

As an illustration, an extract may be quoted from Mr. G. F. 
Beckers report on the geology of the Comstock lode (If.i'. freo- 
loyical Survey, l?:5H0-yi • : — 

; “Baron von iliehthofen was of opinion that fluorine and 
. ^chlorine had played a large part in the ore deposition on tho 
.-Comstock, and this the writer is not disposed to deny; but on 
,..tb0 other band, it is plain that most of the phenomena are 
;;suffioiently accounted for on the sup]>()sition that the agents have 
been merely solutions of carbonic and hydrosulphuric acids. 
These reagents will attack the bisilicates and felspkrs. Tlie 
reeult would bo carbonatc.s and sulphides of metals, earths ai;d 
aA^lies, and free quartz ; but quartz and the sulphides of the 
me.tals are soluble in solutions of carboimtes and sulphides of the 
eairths and alkalies, and the essential constituepite.:^ the ore 
might, therefore, readily be conveyed to oj^niUgs^.J^f'^he vein 
where they would have been deposited on relief fff p and 

diminution of temperature.” . ' 

“An advance boiing on the 3,000 feet level of tho Ydloio 
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Jacket struck a pow^rfiir 
west country) whicl]i.jW^ 

.pliide and a temperature of 170* 'F., and tUeirefia^^i^^ 
evidence of : the preeeiiee of carbonic acid in the 
the lower levels. . A spring on the 2,700 feet level; of th(d 
Yellow* showed a temperature of above 150* 'F.g 

was found to ;be depositing a sinter largely composed of car^ 
bouates/* ' ’ ' 

But it is not .necessary to turn to America alone for illiistra^ 
tions of th^ filling of reefs, for any mining district which baa 
been sufficiently studied will afford subject for refiection. In 
the Tliames- Goldfield, New Zealand, for instance, most of the 
phenomena' alluded to are very clearly demonstrated. .The 
country rbek consists of numbers of stratified bands of suk 
marine volcanic rocks, some of wdiich are hard, green, and 
nndecomposed ; others consist of a softer white rock in which 
the felspars have suffered decomposition, and the rock itself is 
charged with' numbers of small crystals of pyrites, especially 
near the reefs. The rock is also traversed by numerous small 
black veins, chiefiy sulphide of iron and antimony, and it is m 
these deebmposed rocks that the richest deposits of gold ar^ 
found in the reefs. All miners who are acquainted ^fith the 
Thames Goldfield w'ill recognise the carbonic acid which has 
been alluded to in the heavy gas so prevalent below the 400 fect 
level, and which renders A^entilatibn so difficult. The Big Ptimp 
affords an illustration of the quantity of carbonates held in 
tion under pressure and ready to be deposited when this prCfh 
.sure ia removed ; and the records of the Pumping Associatioii 
sluiw that a very heavy expense was incurred in cleaning, tjhu 
columns from the incrustation of carbonates, which, during, the 
earlier days of the deep levels, formed with almost unprecedented 
rapidity. 

It cannot be said that free sulphuretted hydrogen has 
detected in , this locality, but there is little doubt that it must 
have existed durijig the charging of the reefs. 

It is a /Wcll'-known fact in all mining districts that the jaub? 
tions of Ipdes are generally the richest points, always supppsiif|^ 
that the junction takes place in ‘‘ kindly country the 
nation of this is simple on the aqueous theory of filling of 
Watei;\.t 3 |;aversing two different channels of necessity^peito^s 
through ;|liffoi^nt belts of country, and thus holds differeiaif|ii|ii>- 
stances inisofttibn. . As a c^e in point, suppose the in 

one channel contains carbonates of lime and. alkalies in'sblijk^on, 
as well as silica derived from decomposition of, felspars; and 




of * ^ater, at. 

1 hUiVilv charged with 
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that' ^0 other, charged hydrogen, brought 

Mrith it 'pidphide of antimony dbsaplvied! in sulphide of lime. 
The iTOult of these two waters meeting wbujd be that carbonate 
of linie. would be formed, sulphuretted hyd^gen set fr(^o, and 
f sulphide of antimony deposited, as well as the silica which was 
formerly held in solution by the carbonic acid, ^ ! * 

Numbers of such illustrations might ho given, hut it is not 
tlie. object of this hook to explain all phenomena ifrhich occur in 
; lodeiGlj but merely to direct the observations of prospectors into 
the right channels. 

It is well known that in every district certain rocks are more 

kindly” for one special mineral than for any Other. Lime- 
stone, for instance, is very often* the rock in which galena occurs ; 
while gold is frequently closely related to diorite. In such cases 
the solution carrying the metals may have traversed various 
rocks flowing sometimes for great distances without meeting 
with conditions favourable for deposition, and only have met 
with these conditions when it reached that belt of country which 
we, in working the mine, desiirnal*^ “kindly ground, where, by 
an interchange of materials, by clicmical action, in fact^ deposi- 
tion ensued, and shoots, buuc}Ki.s, or courses of ore were formed 
as the qfise might be. 

This raises tlie very iniercstirig (luostiou of the origin of gold 
' and other minerals wluch have accumulated in lodes, and a very 
close relationship can hardly fail to Ix^ traced between, the rooks 
.encasing the lodes and the mineral deposits which occur in 
' them. Jn connection, with this a tiuotaiitm may be permitted 
from Mr. F. S, Kiumons’s repjort. on the mining industry of the 
/Leadville district, Colorado, because it very well e^epresses tlie 
views it is desired to enunciate. He says: — The earlier 
geologists devoted much speculation to the subject of the origin 
cOf metallic minerals in ore diposits, aTul arrayed thetnselves on 
the side respectively of the Noptunists or Plutonists, according 

they believed them to have heen brought to their present 
,’|K^tion by descending or ascending currents, whether 'gaseous 
or liquid. As pure theory has been gradually modified by the 
results of actual investigation, the upholders of the twO Opposing 
schools have come to concede in thi.s, as iu other questions of 
g^eral bearing on geology, an element of truth eV^lf in the 
vi^Ws of their opponents. Only extremists any 

sexes' of geological phenomena admit of buttlibnef^^^lauatioD, 
orate due to one universal immediate 'generally 

agre^xl that Bubtefranean Waters, however fdeOp s^ted their 
apparent source, came originally from the surface. It is, more- 



over, proved that noj 
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but as ou the earth V. lauii^ci^ its soli^ 

a constant cirQulaUon^;^ltb^r cjipiHaiy 

•is not readily the larger and mor^ 

channels fq;i^i^;^y join cleavage planes, fanlts,,dyfc<Bri^'^3(Ji 
stratificati6ii:|ihes,' th^ direction taken by such waters vaijjdia^lSI 
with differlfettti^ conditions. In the case, therefor^e, of 
deposits, v^'ht^ka^ from aqueous solutions circuU^g ; ; 

within tho^^i^h's orust, a class which is constantly augmented /. 
by scientifl4\^yestigations, the qii(\stion as to the immediate ■ 
sources of^^W metals in solutions from which they were de^; 
posited, whether above or below the present position, is One: 
wliich mW,.be determined independently in each individual, 
case, and 'to which no general answer can probably ever be 
given.'’ ' : . ; ' 

A few examples may bo inonticuiod in illustration of the fore- ' 
going reinarlcs. At Adelong, N. 8. Wales, the reefs traverso 
a hal'd, undeepmposed syenitic granite, and are undoubtedly 
true fissure reefs ; but the country rock from the surface to the, 
lowest levels exhibits no apprcciabJo cliangc in its comp03ition> ;;" 
the granite throughout being a hard, solid compact rock.. 
lodes themselves, however, are not completely filled with quar^^v 
but are .really softer channels of country largely corafiosed 
chlorite; albthose parts which were not filled mecham6al|y%';, 
have since been charged with auriferous quartz by the 
culating waters. In this case, the deposition of the gold and?:,- 
quartz was probably duo to chemical cliangos induced in 
softer channels, and not in any way to the dccompositiOBt 
the solid granite itself. Gronfidl, on the other hand, which 
.also in N. S. Wales, ma}*^ be taken as a case in point where’^4x^.i 
reck hus exerted a powerful inll nonce on the mineral 
The rock in which the richc.st deposits of gold occurred Ui 
Oonsols Beef was a dark-colourt.‘d purphyrite containing a dajfck^^; 
greenish mica, while in the lower levels, where the reef 
to be payable, no mica was to be seen. ;; y 

In tliis case, the presence of mica in ilie rock appears tp 
the cl^^B of ground which possessed the necessary substan.0<^)| 
for precipitating gold, and shows how necessary it is 
the extent tand boundaries of difibreiit classes of rook. , ' 

Eveh,m§r0 .n^ark6d than this is the case of the Thami^i'yi^fe- - 
the shbdt^^',gold. can be traced thiough several different 
of rocl?:%ith#lr^jtch Other beds are interatratified, in 
does not occur an payable quantities; and a 


Alburnia Mine will illus^W this varying charabtc^^ 
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those belts markoj (a» 14) being the hal'd and unpioductive 

country^ It is often the case that the changing of reefs is attri- 
buted to What is known as solfataric aetio% ^the .final stage ofj 
volcanic eruption when only steam and gases *ape emitted from 
the craters being called the solfatara stage* ' /'.W as at the 
Thames^ reefs are fouinl traversing volcanic robks^ it is reason- 
able to sujipose this to have been the case. In ^r. Beckt^r'a 
report on the Comstock lode, which has already been quoted, 
he shows, in a section from Mount Davidson through the upper 



end of the Sutro tunnel, several Ixdts of country which have 
been decomposed l>y solfataric action, nltliough it is worthy of 
notice that none of those bands aj)proach the Comstock Indo 
itself, which occurs at the junction of diorito and (aabase at its 
outcrop, but intersects the diorite in depth. 

In his report on the Mount Morgan gold deposits, Mr. It, 
L. Jack, Government Geologist for C^ueeiisland, attributes the 
occurrence of gold at that place to tle])ositLon from a hot spring. 
The country in the immediate vicinity appears to be triaversed 
by dykes of rhyolite, and tliere are cousicierable deposits of sili- 
ceous sinter re.scrahling in character tlie cleposits of geys^?rs. It is 
in association with these siliceous sinter deposits, as well as with 
- brown and red ha3inatite ores, which might justly be described 
"ftS gossan, that the gold occurs. It is perfectly reasonable to 
/i^lieve that deposits of gold may be formed in this manner ; 
•IndOed geysers .and hot springs generally afford the besf; illustra- 
tions of many of the op>eration.s going on during the charging of 
ie^fs, and in isolated c ises, sucli as Blount Morgan,. substonces 
of economic value may well be introduced; but it patist be, borne 
in mijad that nearly all lodes whicli contain iron in any .form, 
notably a« iron pyrites, d( compose near the surface form a 
porous kind of Inernatite wliich is known to minera aa#0Ossan,” 
and that .this gossan wdll .sometimes extend for a di^tb of 1 00 
feet to 160 feet from the surface before the true orR Of tlie mine 
is met wdth. ’ > . ' 

It is very questionable whether the theory of deposition from 
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a hot spfing is correct iii ciuii6 6f Mount Morgan^ 

the deposit is simply it .lode has opened' to, 

^dimensions; later deyelopm eh ts appear to point to 
being nothing elf^ii tliMit a lode. ; 

Gossans alce dim. to the oxidation of ores of iron, ahd/^ 
substances, in' the;; lode which can be readily oxidised 'ar^'^ 
changed ; wh<^e:cojpper pyrites, for instance, is present it beob^es 
changed to sulphate of copper, which is carried away in solution, 
leaving thrgossan porous. * , 

Noble j^etalSji’ such as silver and gold, are rarely carried away 
in solution > but silver is frequently changed to the condition 
of chloride. Ail silver mines afford illustrations of how„ thia 
action has gone on. 

Bearing these points in mind, it will bo evident that the 
character of a gossan will seldom afford any index of the true 
nature of the lode it covers, (generally speakincr, lodes which 
have a good gossan on tlic surface are valuable in depth for one 
class of numeral or other; and a gossan wlucli has a snuffy brown 
colour and great porosity may generally be lookeil upon as tho ‘ 
best indication. 


CHAPTER Vll. 

IRRICGULAR DEPOSITF'. / 

A GREAT number of the repositories in which minerals OQCUif'”' 
come under one or or, her of the. divisions wliicli arc classed uS^^' 
irregular deposits, aiub in some casos, tlu‘y arc of very great 
• portance. Their iiTogiilarity, however, makes the extent of ti^-^ 
ore even, more uncertain than in lodes, such as havo beph - 
described in the preceding chapter, and no rules can be.enuno^s 
ated which afford any guide as to their distribution. Incertajnt'i 
cases huge deposits of ore are found wliich yield vast l^uantit^V 
of mineral ; in others, a little ore occurs in bunches, iilwaya^V 
inducing fur.ther prospecting, ])ut not always leading to deposilt^J) 
of sufficient extent and value to repay the cost of exploratoi^j?\; 
working^; These* irregular deposits are, in fact, of the 
speculatiye ; nature, and, while they at times result in 
cumulation-, of large fortunes, they as often, or perhai^^Mop^^r 
frequently, '^pl’y Ipad one to expend mppey on proapecbing^’^&'oti ' 
is never ro})aiA. It is unfortunately the case that no Onp^jlpw- 
ever experienced, .can say with auv certainty is 

judicious to continue prosp^ting work on a particulsirjleposit ov 
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to abandon it, for, when the pro is poor and of small extent, a few 
fe^ driven may completely change the .Mpect of affairs and 
rendef a i^ine which had no encouraging |eatnrea one which hast 
a ^ry considerable prospective value. 

’These irregular deposits may be subdivided as follows : — 

). Imprci^nritions. .-v 

' 2. Reticulated veins. ' ' 

X Lenticular aixcrei^ations, ; ' 

' • , ^ 4. Irregular masses. - . 

5. Contact deposits. 

G. Cave deposits*. 

^.description of tbo coiKlitions of each of these Vill be given 
^ in this chapter, with smiuj ill u.strai ions of tlieir occurrence. 

Itopregnations. — It will lx* r* memhered that in the chapter 
> on stratilied depo.sits some in'*tMnee.s liave been given ot tlio 
impregnatiun of beds by co]>per, lead, and gold, in which 
somewhat constant characters prevail over wide areas ; but there 
ate also rocks, frequently of igneous origin, which are impreg- 
nated with mineral in a most irrf^gular manner, and whicli, at 
times, have been worked to cun.si<ierablo advantage. The cause 
■of these impregnations is not always, or indeed often, easy to 
find, but froquontly a joint in tlie rocks, looking like a wall of a 
'lode (sometinies with a thin vein of quartz, calcite, or barytes) 
forms an inciictuor vein, ;nid the impregnated rock lies on one or 
other side of this indicator, and occjisioually the rook is im])ro"- 
/ Knated with uiincral on hotli sides of it. The distance to which 
: this impregiiatiofi extends from the indicator is very various, and 
’ when cross cut may ])ro\ e to he only a h>ot or two wide in places 
-and at others to extend for a hundred feet or more, 

- '.jl . Probably the best illustration tliat can be found of this class ' 
hioi deposit is in tlie mines of tlic Calico District, near Los 
Affgftles, in Soutlioru California, tlie rock of which district is 
, A^jdcsite. ^ The nature* of the rock varies a good deal in diflbrent 
parts of the range of hill.*; wliicli rises from the edge of the 
..^oJjft'Ve Desert ; bin. they are almost devoid of vegetation, and 
, have 'weathered in large patches of iron red, pink, and green, 
t^us affording a most curiou.s patchwork aj»pearance. when seen 
from a distance, and ono wliich would inevitably attroeij^tention. 

These rocks are traversed by veins, such as are.d^oribod, and 
atp: impregnated with chloride of silver in a*; if regular 
manner, but over a ve^y wide extent . The* ,or0;^5:^ a free 
milling character, and ia worked by battery 
tion, the. Boss continuous ^tystem b^ng adopted. The deposits 
have been sufficiently rich at times to give rise to much litigation 
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between* the hay^ bem 

them; but, taken Ct»l;/^^^^vpl^lite b^thp goPd tod , 

^they have yielded i0^JO^t\IO ,QZ. of silver per ton of br^' l; ) 

In some; <1^03 hnge chambers, which can only be 
caves of the;l^g0et type, have been excavated, the whole ^.|lhe. ;i; 
rock thus broken having been crushed and the silver cxtra^t^'j;;’; 
w hile in otjbeV parts of the mines, drives many hundreds of' feet 
in length, have! failed to develop any ore that is of su^cient ' 
value to pay fox extraction. It will be evident that .mines ' 
of this class r^uire the most cons! ant care in sampling aiul . 
assaying, tod a rough system of te.sting whether the rock carries 
silver is practised in the mines, whih^ regiihir assays are made 
day by day of all ore that, sliow's siiflicient indications to these 
rough tests. . - < . . 

Very closely i^lated to these are tlie so called fahlbands of 
K(;ngsbfclrg, Bnarum, and Skutternd in Norw'uy, which are 
regarded as impregnations by von Cotta. ' ' ^ , 

Tliey are described by J. A. Pliillips as “})arall<‘l belts ofrock^ 
of considerable width and extent iiupregmitcd witJi sulphides of 


iron, copper, and zinc, and sometiuies also w'iiJi those of lead,’ . 
cobalt, and silver.” The fahlbands of Kongsberg are wwkM'i 
for silver, and are about 1,000 feet tliick ; but it is only in a 
localities where they are suiTicioutiy j i»‘li tt) pay for working.^! ; 
They are traversed l)y veins wbicli arc uiu’cnjunerative in tbp',!.- 
gneiss 'and schists, but become Jiighly arg(‘ntiferous in parsing;,:, 
through the fahlbands or grey beds, which exert the same inft^AV 
enco on the veins traversing them as the ordinary 
country” does upon roofs or lodes in general, so that, in reali]t^;j|; 
these tahlbands banlly dcserso to bo considered as to 
pendent class of deposits, , 'jA:] 

The cobalt deposits of Siiarum and Skutternd also occur' 
fahlbaiids which are sometimes rich enough to pay for workibgi;‘Jf 
but these, unlike those t>f Kongsberg, arc not traversed ! by 
mineral veins, and so would bo moro properly considered 
impregnations. / ; 

Ill Western Australia thcu'c are decon)])o.sed rocks of cons! 
able yddih which jarry a little gold, but none have been 
up to tjip present which will repay the cost of working, 
occurreiidC. of gold in this country in lodes in which the 
is not ]to^. quartz, hut a ferruginous .iiiaterial containin]^ ■ 
ever, a proj[^rtion of silica, appeal's to have led 
to think' that^^ery de(iompo.sed rock met with was 
nature; and they have accordingly named these. doi^||&ed 
rocks “ lode formation.” ^ . ^/v 
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A considerable, amount of work baa been expended on these 
fio-ca;fkd ‘Mode formations without, .however* demonstrating 
the fact that any of them are payable; while the lodes them-t 
selves which these deposits are supposed to resemble, are the 
richest gold producers yet found in the colony. 

Hoticulated Veins (Stockworks). — In some districts certain 
belts of rock are traversed by a great number of small veins 
which intersect tlie country in all directions, forming a perfect 
network. Where these veins contain any mineral which is of 
economic value, the whole of the rock is crushed for the mineral 
which it contains. Where reticulated veins occur, the country 
rock itself is gciiorally irapregnat<‘d with the mineral as well; 
and, in some cases, the impregnation lias no doubt been brought 
about by the infilrration of the mineral waters which charged 
the veins ; while, in ot her eases, the rock was impregnated first, 
and the veins derived their mineral from the rock. 

Deposits of this sort are called Stockworks. Tinstone is 
frequently found under these conditions both in Cornwall and 
Germany. Gold occurs under similar conditions at the Thames, 
New Zealand, as was seen when a portion of the spur on the 
Caledonian mine was <Tu.slied ; and in many other mines a good 
ilea! of country rock is crushed when smiill veins traverse it. 

Deposits of tliis class are of sufficient importance, to merit 
some attention, and it should be Ijorno in mind that when a 
number of smoll veins of mineral occur comparatively near 
together, which would not pay to work individually,, it may bo 
quite worth wliiie to treat the dt‘poftit as a wliole. 

Xienticular Aggregations. -Gortain minerals, notably iron- 
' stones and manga nose, are found occurring in masses which very 
frequently coincide with the bedding of tho rock, but which thin 
out in all <liricti<)iis. They have jn-ohably lioon deposited during 
^the formation .of the rocks themselves, and are bxe0e<lingly 
capncioiiB as rc*gard.s their extent and mode of occurrence; for 
when one deposit has Ikmui worked ojiit no guarantee whatever 
exists, that any more ore will be found in the district. These 
lehficular aggregations vary in size from .small patches only ,a 
fyw inches across, up to masses of many thouf^ands of tcn«. 

Where mineral.s occur under these conditions, .they have 
probably been precifiitated from solution, in inlana, Waters, by 
decoihposing organic matter, such as wood or the leaf^.bf trees, 
both of which are frequei^ly found foSsilised in betla qfrj^nstono. 
At the present day there are deposits of irpn.ore^beiiSg formed 
in some of" the Norwegian lakes; and^the peasants of the di.strict 
earn a livelihood during tho winter mouths by breaking tho ioe 
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and dredging for the acouml&te^ ; irou/ptOi which is removed 
from time to time. 

Irregular Ma^OB Include It great number of 
«of which ai^ intim&tfifly associated with true Assure 
which they app^icKr to be offshoots ; whilst others do not 
l)e in any way (^Unectcd with veins, although they have probiibiy 
been formed in tjhe same way as fissure lodes ; others again are 
nothing tnoro than shrinkage cracks produced during the cooling 
down of the eruptive rocks in whicli they occur. 

It may frequently be noticed in working a lode that a small 
vein of ore or gangue goes off either from the hanging or 
footwall, and when this vein, which is sometimes less than a 
quarter of an inch thick, is followed, it opens out to a lar^ 
mass of ore which is only connected witii the lode by the small 
leader (Fig. 16^)* 

Sucli depo^ite as these are of frequent occurrence in Cornwall,, 
both in copper and tin mines, but notably in the former. They 


are known as oarbonas, are, 
at times, of considerable size, 
and contain very rich deposits 
of ore. They would apjiear 
to be offshoots from the lodes, 
which have been tilled by the 
waters which charged the 
lodes themselves; but chemi- 
cal action has been set up in 
these cavities, and the pre- 
cipitation of .the mineral 
brought about. 



Very closely* related to _ _ . 

these carbonas in point of 

origin are the sb-called tin floors which were formerly of \^ei^ 
frequent occurrence in Cornwall, but which of late years app^^ > 
to have been worked out. These lloors are intimately comiected ; 
witli the lodes, but arc generally richer than the lodes themlj 
sidvesj indeed, in many cases where the lodes are abaolUtely<^^ 
Ijiirren, the lloors have i)eon very rich. They consist of Hats 
ore corresponding witii ^ ocriaiu beds of the strata, ant} 
out at varying distance.^ from the lino of reef. ’ 

The following sketch will illustrate this class of d[epbm\ 


(Fig. 16);.''^ ■ V 

In a iSfey isolated instaffees, notably at the Park pf MtUe^ 
near St/ Oolumb* Cornwall, these lloors have proved thpi pipi&ipal 
ore-bearing deposits of the mine; but, instead of lying ftat in 
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this particular instance, they are tilte^.at high s-ngles,. running 
lifee v^ast and west lodes; Jo? wklioh\ they bo mistaken^ 

for the fact that they pinch out ohtir^ a short distance 
from the main north and south leaders, whicS ar;© themselves’ 
only ^ inch or two thick. \ 

. it to! bo evident that deposits of this sort . mitfit have been 
hll^ by the waters which traversed the reefs ; these floors, 

however, have iiot been 
formed as cracks in the 
rock, but are planes along 
which, segregation lias 
taken place from the coun- 
try under the influeiicf' of 
the mineralised' water in 
i he reef. 

A study of the rocks in 
which these floors occur 
will afford evidence of their 
origin and the case of the 
i*ark of Mincss, quoted 
above, is most conclusive. 
16.--ScTtion.---f/, Lode ; A, Floors, q^he rock at this^ mine is 
.cjayslato or “ killa.s, ’ and wlir rcver I ho tin floors are found tJie 
rock has been (Iceon.pusrd for sumo distance from the .tinstone, 
.and, the iron in tin* “ kilias” hccoining peroxidised, the rock is 
coloured briglit r/ d. q^liiss ia su marked a leatiire that when, in 
driving along tlio north and -oiitii loader, the country begins to 
' ^.sume a reddish tinge*, it, i.-, ;i eortain imJication that tinstone 
will , shortly be met with ; ami in Avorking the tin floors any 
'cliange in the ooh/ur of tlu' rock is a .esnre sign that the end of 
hlhe pie deposit is being roHclmd. 

''Flats of ol'c are of «pnte a dilTf'rcut cliaracter,* ^lioy are 
'‘found oorrespoudirig wdili the ]danos of bedding in sedimentary 
and clo.sely re.scmble .stratified rocks, for which they ruighb 
■readily be mistakcri. Wdion these Hats, however, are driven on 
;they are found not t(> tln'n out in tlio way lenticular deposits do, 
hut to. terminate in a vein which tvavei’sos the next ;heH of 
country, and will, if foilow<*(h generally lead to anQtber..dat in a 
different bed. \ v 

Tbp character of these deposits will be best illustrated by a 
sketch, (Fig. 17). They would appear h:) owe to 

similar causes to those which have formed tlio 

lincs of least resistance, however, having followed the bedding 
planes at places. * Tt is not improbable that the cavities tlius 
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produced have been especially , where 

these jflats occur 

The last class, / uh^er' 

irnown aa ae|^^i0®ea JyeiM. These are confined 
igneous and jn^^^O|i^hic rOcka, which, in cooling or 
have shrunk, • a 

cavities in interior ; 

these are ait ’ times lenti- 
cular in slmpe, at o tilers 
nearly spherical, and yet 
again of Very' irregular 
form. Thejr.innst be clear- 
ly separated; from true fis- 
sure veins or lodes ; firstly, 
liecauso they are limitetl 
in extent, and, secoiiciJy, 
because it is by no means 
necessary for any move- 
ment to, have taken place 

in order to open tlioye ca^■ities. There, is also considerable 
difference bt3tween the way in which true lodes and these vei^K 
of segregation have been filled, which may best be illustraf^- 
by a description of some «>f the segregated \ eins of pegmatlt^J 
whicli occur in granite. 

These veins of pegmatite hnvr' the same composition as gran^j^> 
itself, but' consist of much larger crystals, largo sheets of 
frequently occurring ns vm II as crystals of felspar of considerable^, 
size. These veins are not, divided iVoin the enclosing rock.-b^f 
distiuct-.waljs, but tiie eryi'dals of the jjegmatite vein frequel^Uy; 
penetrate into the ejiclo.siTig granite. The largo crystals liayfei; 
•been slowly formetl by a rocrvslallisation of the conatituentsb 
of the granite after the crack ^^as forinod, and a vein of pegmatite* 
affords a good illuatration of ilic way in which metallic mineral^' 
are segregated in these veins. It will be seen at once that- inL' 
segregated v^ns only sue.] mimaals can be looked for as, arfeM, 
presentiin too enclosing rock in greater or less quantijbyjJ, 
whereas the minerals in fissure lod(*s may liave been carried, jk 
solution for some .distanct*. Very valuable information* 
cerning tb© nature of the rock may frequently l>c derived 
a study of tb©SO veins of s(*grcgation. vC.&S 

Contl^t iJOpoaits consist of accumulatioas of miner^ 
lines of of two diflsimilar rocks which are sbmntJSS^fi 
of very di£^ent age. In the greater number of CcUe^ W 
deposits are found at the junction of eruptive end 
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rocks, or between two serfes of eruptive rocks ; while they also, 
at timeSy ocGU^at the junction of limestone with othor'stratified 
deposits. .WherA eruptive, rocks form one. of the walls of the 
deposit^ the intrudin^^ rock appears to have lift cavities which 
have subsequently been filled with mineral) and, from the 
nature of their occurrence, it will be evident the deposits of ore 
must necessarily be of a very irn^prular chai'acter. 

The cavities do 71 ot silways occur absolutely at the junction 
of the two rocks, but may be fiuiiul at a short distance away on 
either side of the line of junction; hence, in proapCctinp, while 
it is necessary to drive along tiio line of junction, short cross- 
opts at interval‘s, on eiihei- side, are necessary to prove the 
existence of ore. The nmiarkable deposits of copper at Monte 
Oatini in Tuscany lu long to tliis class, and are chiefly associated 
with serpentini* ; and the celebrated Comstock lode was at one 
time considered to be a contacr deposit ; but in its lower levels 
it passes from ojie rock to anoibor, so that it is now regardid 
as a true fissurt? vtin. It is ditHcult. liowever, to understaml how 
a lode from 100 to :2t>0 fiv t in wddrli could have been opened by 
the sliding of the hanging wall on the foot wall, unh‘ss by 
successive raovcmeiits which op<inc(l the fissure from time to 
time. 


An instance of the ocenrrence of copper ore at the junction 
of limestone and slate may be juentioned in tlie Merces mine in 



Portugab where the ore 
is very rich, containing as 
much as 30 per cent, of 
copper and up to 3 ozs. of 
gold per ton ; biit the de- 
po^^ils have hitherto been 
\erv iiTogular an<l send off* 
sli'ots into the limestone 
in t,h** upper levels of the 
mine*, and also calcareous 
veins carrvijig. oro which 
intersect tlie slate. 


... The adjoiniitfir sketdi 

jc. . . cc ion. si‘ctior of this depasit will 

be of interest as .showing how one class of deposit’ may merge 
into another (Fig. 1^). , 

The fil ing of the.se cavities has in some cases taken place 
by a segregation of the mineral from one or <tth«, yf the enclos- 
ing ttfck.s ; but in other localities the waters cairyxng the mineral 
in. 'solution may have come from a considerable distance. 
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Numerous otbcft* imtAn^-j^(J^6pta>ci deposits might ^ 91 ^, 
but it is unnecessary; to giyo. Ihrtlmr iiluatrAtlo^. , , ^ - ^ *v<y 

Cave Deposits include all those deposits of mineral wh&K^are 
found in irregui^-shaped masses in limestone, and they mig^t be 
subdivided into chambers or pockets, flats or sheets, and pi^, 
veins. An examination of any of the numerous caves, wnich 
occur wherever beds of limestone are found, will give some idea 
both of the irregularity of the deposits and the way in which ' 
the cavitiea have, been formed. 

All caves in limestone have been dissolved out by the action 
of water charged with carbonic acid, but the direction of the 
drainage of this water is originally determined by the fracture 
ol tlie rocks, and, in many ca^es, the size of the cavities has 
been greatly increased by nieclianical degradation when, as is 
often the case, rivers have been diverted and flow through 
these caves for a greater or less distance. There is a river 
wliich, flowing into a limestone f av<‘ at Trieste, again comes to , 
the surface 10 miles away, having followed a subterranean course 
for t hat distance. The Takcaka River, in New Zealand, is dry 
during the slimmer months for some miles of its course, the 
water of itsfiippcr readies once more corning to the surflico 
a few miles from the sea in the remarkable Waikaremumtl 
{bubbling water) springs, whence it issues in groat volume. . 

Caves are extremely irregular in form ; sometimes they opi^^ 
out into huge chambers, several of w liieb are frequently join^ , 
one to the other by small j>assagc.s tlirongli which a man eaii' 
hardly crawl. It is not unusual to find lioles in the floor do^XL. i 
wliicii streams of water pour to unlatliomable depths ; while ’SSntv: 
others, if a stone lie dropjied it can be heard striking first on " 

* «i>iie side and then the other until at last the sound is lost. ;>•' 

These diflerent cavities afford illustrations of the various V' 
mineral deposits in limestone, and show liow extremely irregularV 
they are likely to he. The chambers in which stalactites and 
Stalagmites are generally found correspond to the so-called:': 
chamber deposits and pockets, .and the holes just described aftbrdlX 
a good illustration of llie so-called pipe veins of galena, which;^ 
hAve been largely worked in carboniferous limestone pjKf; 
Derbyshire .. . ^ 

Lead ores are of most frequent occiiiTence in these 
deposits ; but at Alston Moor, in Cuuiherland, hsematit^ , 
oahimin 0 'haye alj^so been found under similar conditioii^ ’a^d. 
calamine is wfrkM at Laurium, in Crecce, in cave depasiite,v1n 
limestone. 6 old and silver associated with metallic . snlp^^des 
have also been found in cave deposits in limestone at the dSureka^ 
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OoRRols, and lUchnlbud Mines, Nevada, and i\t the ^Flagstaff 
i^esBier Care, in tJtali. Q^rbonaU of xiiR^ganese has also been 
worked Under similat conditions at Las OAbesises, in France, this 
being an almost unique instance of the bccun'Once of 
mineral in workable quantities. 

Some atithors include these cave deposits under the term of 
•*gash veins ’’ 5 but the classification is evidently incorrect, 
because the first cause of the formation of cave deposits may be 
due to movement just as well as fracture, and in some cases cave 
deposits change to true fissure lodes in depths when the lime- 
stone beds are passed through. 

The foregoing brief description of irregular deposits will be 
sufficient to indicate the general conditions under which minerals 
’of commercial value may occur other than those which.prevail in 
',true lodes; but it must be borne in mind that, while the divisions 
are made, no hard and fast line should bo drawn between them, 
for contact deposits or cavo dej-osits may pass into true fissure 
veins, and many <)f tlie other deposits are frequently Associated 
with lodes of which they an* offshoots, tlms the description given 
can only be taken as a guidcj tor tlu^ assistance of prospectors iu 
following up Avhat surface indications th(*y may 


CJLVPTKSl VIIL 

DYNAMICS OF LODES. 

Heferring to Chapter YL, it will bo found that lodes traverse 
jthe country in many different directions, and that, iu districts 
V,lWiich have been carefully studied, tliose lodes which follow 
; different courses ar«*, as a rule, cliaracterised by special minerals. 

1 ^ It is seldom the casf*, where more than one system of lodes 
i^ur in a district, tljat the same upheaval which produi^ed one 
of these systems was instrumental in fracturing the rock in 
other directions. The lodes arc generally described as right 
running lodes, cross courses, and cauntor the first 

term, being applied to the main lodes of the disject, vf'hatever 
their direction ; while the cross courses are Vhich run 

nearly at right angles to them, and the ‘caunter;db^; in any 
other- direction. , 

Fainting of Lodes. — It will be evident, Vhb^re eahK of those 
systems have been caused by upheavals along different lines. 
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that thcsc*Tiphea^a1s at succ^ive 

and the systems of di&rent 

older systems will W’disibdated and, perhaps, displaeed 

orlater dale.'\ 

This being thfe/C^, in order to follow the rich parts of thje' 
lodes with the least amount of dead work, a study mimt be 
made of the geological structure of the district in order to fincl 
which is the/btdb$t system of lodes and how they have beeiy 
dislocated, so that the displacements which have taken place ih , 
thos(^ lodes which/ have been intersected by the younger ones 
may be investigated. 

In order to <3early explain these displacements it will be well, 
to revert fb;r a jpoment to the formation of lodes. It is known 
that, in the .majority of cases, these are formed by fractures pf 
the strata which are more or less nearly parallel to the linea 
along which plevation has taken placo. Fmler these circum- ' 
stances, where several systems of lodes occur in a district, they 
must liave been formed by successive^ elevations of the country 
along different lines, and the later formed cracks or fissures" 
w'ould intersect those which had been already made. If, then,.' 
a dibtriot has' been subjected to many such movements, the reefs. f 
occurring ipay present a complete network, and the work ,Df " 
tracing them may he somewhat complex. ; ;■ 

It may be accepted, as a rule, that true fissure lodes are never, fu 
opened so as to form underground drainage channels withoujt^a^ 
certain amount of movement taking place : w itlnuit, in fact, tnO'; 
ot'currence of a fault with a greater or less throw — in other 
words, the formation of a lode, necessarily displaces the stnifca: 
through which the lode passes. . 

• Bearing . this in mind, it is evident that when rocks ar6 tw^> 
versed by d fissure lode the beds on one side, of the lode wiil sf 
stand at ‘ft higlior level than those on the other side; apdr 
necessarily^ if the country be again faulted along lines which aro 
not parallel to the former lodes, that, in addition to the 
rock being diaplaced, tlio reefs which wrere already formed will.^]! 
be subject to the same raoveinents ; hence we may always , 
oeitain tlxat any lode which intersects or displaces another ia thjijfp 
younger pf^tb^wo.* 

BolatiVD of Faulting. — Having carefully studied 
pccuHari|ies of the lodes (and the information required 
generally ^pjobtdiued at an early period in the ( 

mining di^lct)| it* is possible to trace with accuracy thp ; 

of events in ^the fonnatiott of the lodes, and /to, 
instance, if the E, W. lodes displace those striking . 
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are themselv^ displaced; and ilf the.N.E. or 'N.W. Jodes are 
the oldest or youngest on the field, or are of intermediate age, 
intersecting one system and being cut themselves by the other. 
Some opinion can thus be formed as to whether </he lodes being 
worked are likely to be faulted, or will run as master lodes 
through the district. These main considerations being settled 
for any particular locality, a study must next be made of the 
results which accrue in tlie various lodes, and an endeavour made 
.to lay down laws which will serve as a guide in searching for 
those lodes which have been cut off by slides or younger inter- 
secting lodes. In order to ch'arly understand the matter, it 
will be better to illustrato the various cases with a diagram 
<Fig. 19) 



" Fig. 19. -Section, 

In the foregoing section liccls (a) and («) (which, are shown 
as approximately horizontal, or with only> a dip) arc 

traversed by reefs (h), (c), ('/) which strike aiia underlay in 
different directions ; theses have been dislocated by a fault. 
Several most important features are illustrated by this Jectiozi. 

In the fini place, it will be seen that whefe kl^^lt traverses 
horizontally-bedded strata, the. beds on the han^nl^ '^all side of 
the fault occupy a lower horizon than those on the footwall side. 
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Secondfy, that the ^ofede;^t take? place in the dir^tiOix Of ^ 
the clip of the faults *' y ; . ; . ^ 

• Thirdly^ wheti traVereing the strata are dislbcat^v.hjr a : 
fault it is 8eld0i:h tbo ease that the dislocated lode dips ip-snch ' 
a direction that^ faulted, will make no apparent differeiice 
between the course of the reef on the hanging and footwall sides 
of the fault; j In the majority of cases the dislocated lode wijl 
appear to have been subjected to a side movement, as well as an 
up and down one, this apparent lateral movement being called 
a heave ” by miners. The diagram will illustrate sufficiently 
how it is that the reefs appear to be heaved, when they have in 
reality been only faulted ; but it is necessary to point out that 
those apparent heaves are sometimes to tlie right hand and 
sometimes to the left, and also may bo either in the direction of 
the greater or lesser angle formed by tlie intersection of the reef 
and fault. 'When a slide is intorsootod in driving along a lade^ 
some laws will bc^ necessary to determine— firstly^ in which direc- 
tion to search for the lode which has boon cut off; %r\di secondly^ 
the probable distance that will have to be driven in order to 
intersect the lost Icdc. Tlie iirst of those rpiestions can be 
settled in the majority of cjuses by a rule winch will be given 
and by ; the latter involves a very accurate knowledge of . 
geology of the district. 

In arriving at a conelusmn in the first case, when it is simply/ 
desired to know the direction in wliich to drive for the recovery ' 
of the lode, it must bo clearly \»ome in mind that, as already .^ 
pointed out several times, a slide, cross-course, or lode whiph,/., 
intersects the reef that is being worked is, mechanically, nothing^., 
more than a fault. This cross-ct)urse may be an ore-bearing lode\ 
on the one hand, or it may bo nothing more than a fissure in they/ 
rocks filled with clay, or sometimes it may even be an open/;, 
watercourse. In any case, however, it is a fault, and in 
greater number of cases tJie hanging wall portion of the country 1 
will have slid downwards upon the footwall portion. As already J 
shown, in describing the section (p. IIC), where a fault iuteis jii 
sects rearing seams of coal, or reefs standing at a high angIe|V| 
there will be an apparent lateral heave in one direction or 
other. 

Law regulating Bireotion of Heaves. — In the early daya'i?- 
of mining these heaves were noticed, and the miners of 3^ 
years ago hli^eirye4 that in the majority of instances where 
was Intercepted by a cross-course the heave took place in 
direction of the greater angle.^ In other words, if a/driyp Wis 
being made along the course ot a lode, and a ^ult was inter- 
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sected, as in,ths:followmg sketch plan; the lode would "generally 
be heatved from a to a\ or in the directidii Of the greater angle, 
SD, It was further known that when it could oriLCe be determine*! 
in which direction the lodes of a district were heaved by any 

series of crd$s-courses, the 
law might generally be 
applied to the district in 
question. Thus, for in- 
stance, if it was found that 
tho lodes weipa generally 
heaved tp the right hand 
when they met a cross- 
course, it would be said 
Fig. 120 . — Pla n. that the district was one of 

® right-hand heaves. Both 

of these rules arc applicable in a greater or less degree, but they 
have been very thoroughly tested in OornwalJ by Mr/Henwood, 
who has catalogued all the peculiarities of the more important 
lodes there. 

He states that out of 233 intersections of lodes examined* 53, 
or 22*7 per cent., were not heaved at all; while of t^e remainder, 
15b were heaved in the direction of the greater angle, and 30 in 
the direction of the lesser angle, 119 being right>hand, and 60 
left-hand heaves. 

Of those lodes, then, which are heaved by interaecting cross- 
courses in Cornwall, the following percentages represent their 
respective directions ; — 

Heaved to the right hand, 6#’l 

left 33*9 

Tooo 

Heaved in direcLion of neater angle, . , , g3'3 

fi If Icsaer ,, • • • 16*7 

1loo*o 

It IB perfectly evident, then, that tlieso , percentages do not 
.'afford a satisfactoiy rule, even in Cornwall where they have 
been studied, since they only give an approximate nptmn of the 
direction in which*' the heave has taken place. ^In.birdbr to give 
a definite Jaw for the recovery of lost lodes a devised 

by Schmidt and Zimmerman, with the result thSt .^hen applied 
to the OotniBh lodes it was found to be correct in forty-nine 
oases out of fifty. 
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Schmidt’s lW. — T o Si{>pl7 Schmidfc’s law it is necose^T;^ to 
know accurately what is tho stj^'ike and underlay of both the 
k)de aiul cross'^Ui^e^ this can best be determined by aotnat 
survey in the nune where two levels have been opened;' but 
where this is not the case the average strike of the reOf and 
cross course can only be taken in the le\el being driven, the 
uncJcrlay being determined by the plumb bob or clinometer. 

Having, however, arrived, by the best means available, at the 
true strike and underlay of the reef and cross-course, it is next 
necessary to show these on a plan, the object being to delineate 
tl>e points of ii^ierfiee- 
lion of the looe and 
cross-course at two dif- 
ferent levels in the 
mine, and thus obtain 
tlie line of intersection 
of these two between 
< lie different levels. It 
will bo better here again 
to illustrate the method 
with a diagram. 

[t will be seen from 
tins diagram (Fig. 21) 
tliat by means of a sur- 
vey the exact position of the intersection of the lode and crosa- 
course can be deterrniTie<l at the diffen'nt levels, and the line of 
intersection can thus }»e deliTuMted on plan as shown. Where^ 
liowever, the mine has not been opened out on successive levels > 
the course of the lode and 
* cross-course can only be 
taken at the one level to 
which access can be had. 

By means, however, of 
it clinometer and compass 
the angle and direction of 
underlay, both of th(* reef 
and cross-courso, can be 22.— Plan, 

tikon. In the illustration 

(Fig, 22) lot it be suppo.sed that the lode is underlaying in 
direction indicated by the arrow at an angle of 45® from 
horizontal, aud the cross-course at an angle of 60®. 

If, then, anf vertical distance is assumed as between tbl^ }iUes 
<r //j c d (Fig. 23), and the underlay at the reef and orOa^nrse 
he drawn as represented by e g, A the line of intersection can 




Kic. 2l.-Plan. 
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Fig. 23.- 
Schmidt’s law 


be arriired at as follows : — DPOp s/and /t A- perpbndicu-lar to c r/, 
cutting off the distances /p and A 1. Then on the plan (Fig. 24) 
i^ect a perpendicular to the lode and another to the cros^- 

— t.- * * course, and cut off ilie 

"* VL T . distance .from tlie for- 

N. \ mer, arid Jtl from the lat- 

\ ter. Draw lilies parallel to 

\ the lode and Cross-course 

\ respectively through the 

-n, , - X V points ^and?; these will 

® ^ y 7 ' intersect at a:, and ary will 

Fig. 23.— Section. (y£ intersection. 

Schmidt’s lave may he defined as follows : — If a lode is 
intersected by a cross-course or fault, and the lode is heaved 
either to the right or left, then, in cider to find in Vrhich dircc- 
• this heave has taken 

A place, it is necessary to know 

" I ho (iireciion of the line of 
yX 1 intersection of the two. This 

being determined, the course* 

cross-course 

^ X having been shown. on a plan, 

^ y and tlie line of intersection 

N y also indicated, the detennina- 

tiou in which direction the 
y/-f heave has taken place is sim- 

/ pie. A perpendicular i.s 

Fig. 21.— Plan. erected to the cro^s-cour.so 


Fig. 21. — Plan. 


at the point a (Fig. So) on the side on which the lode is Inst, a.s 
in the following diagram. 

The line of intersection is produced to and then on which- 
ever side of the line a 6, the 
perpendicular a c falls is the 
direction in which to search 
for the lost lode. In the 
case given, a d would bo 
the direction in which to 
drive. ‘ 

The following diagrams 
show that in some cases 
the lode will not; be heaved 
at all by*, -bifOBs-course, 
{ Fig. Plan. , while in 'others it may be in 

;the direction of the greater angle fad-, and in others in the 
direction of the lesser angle/ a 
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The dictanco»to bo in either can only be fo^d 

when the amount of rerti^t displacement of the fault nr kna^n, 
^nd this cannot alwayi^ be determined. Where acctirate' 




Lode heaved in direction of greater angle. Lode not heaved. 



Lode heaved in direction of lesser angle. 
Fig. 26 .— Plan. 


and sections oMbA geological structure of the country traver^ 
by the fault' ara available, the exact position of the beds On 
either side of the fault may be reco^ised; aneb hiring the 
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amount of vertical throw, the heave can easily^' be determined, 
eince by setting out the line.of intersection in elevation instead 
^ plsin^ the ratio which exists Getween the vertical displacemen^t 
Std the heave can readily be arrived at. ' 

Exceptions to Schmidt’s Law. — ^There 'are.;i^' few cases in 
which Schmidt’s law does not apply, but these aM:^biefly where 
subsequent movements have taken place, tilting this foiilt from 
its. original plane to one dipping in the opposite' direction, ft 
will be readily seen that in soim; cases the movements are very 
complicated and rc(|uire most careful study before they can be 
properly understood. 

The following plan will explain what a complicated network 
might be produced by the successive action of two faults with 
their corresponding heaves on a single lode : — 



lode ahede was originally one continuous fissure, 
* cud was first of all heaved by the fault x in the direction of 
- the lesser angle ; subse<iuently, the country was dislocated by 
the fault y which heavod both the lode and the original cross- 

f ttiTse in the direction of the greater angle, thus giving rise to 
e somewhat complicated structure apparent in the plan. 

\ A study of this plan illustrates very well the -comparative 
dates of the different dislocations. It will bo evident that in 
the; first case the country was broken by elevatibh: parallel to 
the once continuous line abode, and, the fiA^UH^ biittg opened 
in the manner previously described, the chaiinbl was filled with 
ore beforo the second movement took place. This second move- 
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ment wds an elevation^^^d^lol to the. line and it w|[l be 
evident, from the.way/lhvw^oh the lode is heaved 
<the lode and &;alt Whre underlaying In the direction: 
by the arrows on the plan. The underlay of the fault y' daw: 
also be as i^d^^ated, and the elevation parallel to thh : 

must have l^en $he last structural movement which haci ,ta|^V 
place, Othdrvjpkses may occur in which a lode is intersccted^by a ' 
cross-course which strikes in the same dirtiction as the lode,, but^ 
underlays in the opposite direction, as below (Fig. 2S) ; in cases of 
this sort there will, of course, be no heave apparent, but the same 
lode may be brought 
to the surface several 
times by parallel faults. 

Some districts are tra- 
versed by a great num- 
ber of faults of this sort, 
and taking Gi;pnfell, 

JS'ew South Wales, as an 
illustration, . the reefs 
have been faulted time 
after time, so that at present llie quartz appears to occur in a 
succession of isolated blocks which arc found following a ziigzag 
line through the country from the .sarfacc downwards, the 
blocks seldom having a greater extent than about 200 feet. . .. . ! 

The lodes Jn this district occur in a rock whieJj is called 
phyrite, consisting of felspar crystals in a felsitic base ; near the;, 
surface, and for some hundreds of feet below it, the rock 
been decomposed and changed from its original blue colour to .ftS 
sort of dirty brown. This rock, although liard to work in 
mines (requiring the use of explosives), crumbles away rapidly;"; 
when exposed to tlie action of the atmosphere ; it traverses 
country in a north and south direction, the beds on either sMe^. 
of it to the east and west being .slates. In these slates.severalT^ 
reefs have been found which run j):irallel to tlie main line of” 
upheaval ; but in no case have they proved to contain a sufficien;tv^ 
quantity of gold to pay for extraction. 1 n the belt of porphyri^l 
however, some very rich, reefs luive been found ; but 
running north and south, as in the slates, they travei^se 
porphyrite obliquely, coursing north-east and south-west^j^pEf 
underlay to the north-west at angles varying from 56^ t<> 

As almdy stated, these reefs have been subjected 
heaves, and tV^e have generally thrown the reef in the 
of the footwali; so that a vertical section of one of. the 
would be much as shown in the adjoining sketch (Figi 29). 
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In all cases^ where the reefs have been set bac£ in this manner 
the slides which have dislocated them tn&verse the country at 
flat angles, and the movement, instead or being a sliding 

■ or settling .down of that 

part of the'eoantry, which 
is on the hanging vrall side 
of the reef, is represented 
by the reverse faults which 
have been previously de- 
scribed. Hence Schmidts 
law would not be applic- 
able in driving for the 
recovery of the lost lodo.s. 

Tiiere has, however, been 
one exception proved to 
this rule in the Home- 
ward Bquud Claims, where 
highly payable stone was 
traced to a depth of 300 
feet from the surface. 
Several floors, sucli as 
described, were met with 
which heaved the reef into 
the foot wall, sometimes for 
as great a distance as 25 
feet, but at the 300 feet 
, ig. -J. i^cction. level the reef jumped for a 

XT distance of 9 feet into the hanging wall, and it is worthy of 
note that the slide which dislocatctl the reef at this point 
traversed the country at a steeper angle and, on its underlay, 
the underlay of the reef; s«> that normal conditions su)>er- 
' ^ yeued, and the moveiiiont which took place was a downward 
one on the hanging wall side of the slide. 

Other instances might, of course, be quoted in which Schmidt’s 
litw is not applicable ior thci recovery of lost lodes, but in by far 
the greater niaj<irity of cases the rule is applicable ; the excep- 
tions are only given with the view of explaining why in certain 
cases it will lead to incorrect conclusions. 


Fig. 29. — iScction. 
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CHAPTER TX. 

ALLUVIAL DEPOSITS. 

Having alluded to all the diftV;ronfc conditions under which 
minerals occur, either as rt^efs or stratified (le]>osits, it is now pro- 
posed to devote a chapter to a description of those repositories of 
minerals known as alluvial deposits. This subject is of the 
more importance hecause, althoiigli they arc of a less permanent 
character than reefs, the greater quantity of both tin and ^old 
wliioli has, up to the present time, been won, has been 
from deposits of this sort j and large areas still exist in which 
a judicious application of cajiital on com]»aratively jioor ground 
will be remunerative. It sluudd be mentioned here that the 
only minerals of importance which are found in alluvial de- 
posits arc gold, the other precious metals, as well as tinstone and 
the gorns which, from their hardness, and their power of resist* 
iiig chemical change, are preserved in their original state, even 
when submitted for Jong p(?riods to tlie action of the weather* 

Souroe of Materials. -Jt will be evident to all that alluvial^ 
deposits have been derived, in the first instance, either from; 
reefs or irregular deposits, such asdos(jribed, or from rooks which 
ani impregnated with mineral ; and that, in the majority of cases^/ 
the tin and gold found in tliese alluvial depo.sits have also been r 
derived directly from icefs, although it is probable that the, 
larger nuggets of gold were deposited by elieuiical or electrical 
action at the places where they are found. ' ; 

Age^ of Parent Reefs. — Although at one time these alluvial ' 
deposits formed part of parent reefs, and have, by the detiudiug} 
and transporting action of water, been broken down and rouudcd^i 
tlfcy were in some cases detached from the reefs at a very early> 
period in the histoi'y of the earth, and have since been subjeol^!^| 
to the action of water flowing in many different directipha"^! 
lienee, the discovery of payable alluvial gold may not ailbrdji^V^ 
means of tracing directly the reefs from whicli this gold;’w|^^^ 
derived. ^ 

In order to render this quite clear, It is necessary pnde^;^m*o 
to refer to the rocks in which the reofo octur, and the |»erioda 
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during which the fissures were formed that are now filled with 
mineral dejiosits. ; . ‘ 

A .Bpenkl history necessarily apper^in^ ta e^h individual 
district^ a^hd it is manifestly impossible to deal , to these pages' 
with many instances ; but it will be of interest to jo^^ntion a few 
as iltostrating the class of investigation that ih adopted by 
the prospector who will take sullieient trouble i/tp study the 
reasons for the various facts that ho observes, , 

Australian Beefs. — In Victoria the reefs (jhiefty occur in 
Tipper CambricUi and Low’cr Silurian rocks; while in New 
South AVales they travor-so the beds of the TJp])er SUurian and 
Devonian sy. stems. During the Devonian period^ or at its close, 
great upheavals took place, granite in many place.s was brought 
to the surface and tlio enclosing rocks wore fractured, along a 
number of lines, tlie direction of which depended upon the lines 
of upheaval of these i^raniles. The fissures formed were charged 
Svith mineral, and from that time the formation . of alluvial 
deposits coiriujeiicoj. the rocks tlnnns dves being worn away by 
the action of running water, and the minerals broken from the 
reefs concentrar^^d in the river channels of that day. There oati 
be no doubt that such was the case, because at the Ixtse of the 
coal measure.s of New South Wales there are beds of con- 
glcmerate in which water- worn gold occurs, and sometimes, as 
at Tallawong, there is sutlicient gold pre.sent tc> make these 
conglomerates worth working. 

Of course, the gold in tliese conglomerates must have been 
derived from joefs which existed before the Carbon iferon.s for- 
mation (now occupying such a large area in New South Wales) 
*had been deiwrited ; but, at the saim? time, there are many reefs 
in the country wdiicb are of much lat(?r origin.' The Silurian 
rocks, for instiiuce, arc travcrsr’d by dykes of diorite, some of 
-which are on .sucli a massive scale as almost to merit the term of 
^Jbosses, and it has: been pointed out by the late Mr. Wilkinson 
that many of tln\sc dyke.s are very closely associated with the 
occurrence of gold. 

7 * Dykes of this rock penetrate not only the coal measures, but 
also the younger Hrtwk»\sbury sandstone, so that it is a difiicult 
j)otot to determine the jjcriod of their intrusion or even to say 
whether they arc duo to one or a series of eruptions. Be that 
as it may, however, it is perfectly certain that at some places 
the reefs are due to the intrusion of rocks of this class, and a 
study of the alluvial depo.sita in these districts g^yes unmistak- 
able evidence of tbo fact that the gold was derived direct from 
the parent reef 
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A TiBit 4 to some of dP even an in8peetii>%cio£A 

map on which the wil goW leads are deUnea^Kisf et^^^^^ 
vincing of the deposits have been 

directly from-th,^'v^ The streams in which the allni^V 
deposits bcciur^^s: .the belts of country in which the reefe afe" 
found, and ii *‘'6nly those parts of the streams which now Uf 
below the line of reef that payable gold has been obtained, ' Thih. ; 
distribution the gold not only points to the fact that it has 
been derived directly from the reefs, but also shows conclusively 
that the drainage system of the country has not been changed 
since the alluvial deposits began to be formed. 

But this ia. not always the case ; for, in other localities, Very 
great changes . have ensued since the earliest deposition of tJiD 
gold-bearing gravels. For instance, it has been pointed out, by 
Mr. Wilkinson that at Biragambil, New South Wales, there is 
a gully in which payable alluvial deposits occurred that have' 
since been worked out, the gold of wliicli could only have been 
derived from the abriferous conglomerates of the coal measures : 
these conglomerates were denuded and their gold concentrated’ 
by a process of natiiriil sluicing. The proof tijafc this is the case^, 
is to be Ibund in the fact that above a certain point in the gully, 
a point at whicli the coal incisures cease, and Silurian slatea 
are met with, no gold has yet been h>und ; nor are the condi- 
tions of the slates such as are favourable for the occurrence of 
reefs. 

Deep Leads. — There are also some other and most important;^' 
alluvial drifts in the (Julgong district, which have not been 
deposited by existing streams, these drifts being known as tSe;'; 
deep leads; they arc found at cousiiierablo depths below tW-; 

, surface of the ground, and an; fretiuenlly buried beneath eii 
much as 100 feet of basalt. Similar conditions prevail itt/ 
Victoria aiid New England, New South Wales. 

These gravels were deposited by streams wliich, liowing; 
during Miocene and o!d<*r Pliocene tiiiuts, liad a somewhat^' 
different course from tlioso wbicli fhvw at the }>rescnt day, 
their course was suddenly arrested during tlie middle PliocertKK^ 
period by streams of molten rock, which, llowing from fissurei^l 
opened ii\ the surface of the ground, poured down some of 
watercourses and dammed back the water in withers, up wh|??l^ 
they flowed until they found their level. The magriitudj^;^;; 
this eruption, CUD to appreciated when it is rememb^r^;Ai^^ 
in New Sout||i ' Wales around Armidale the 
other rocks (whioh had been, since the Devonian ^ 

jeeted to, the eroding action of water, and had ciit Tby ifc 
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into a number of gullies aiid gorges) were once (more levelled off 
a.nd converted into a table land, -all the . irregularities being 
filled up by this molten rock. 

It has been suggested by Mr. Norman Taylor that it was ih 
some way due to the effect of this basaltic eruption that the 
occurrence of diamond in the older drifts or^Salgong can be 
traced. There are many iut«'.resting places ih this neighbour- 
hood ill which there is much difficulty in accounting for the 
ihaimer in wliich the gold drifts were brought to their present 
position. Amongst others the Canadian and Whitehorse claims 
may bo mentioned, in both of which the auriferous gravels now 
lie at a much lower level than any of the surrounding country, 
being, in fact, deposited in a depression. It is true that both 
these deposits, whioli ailjoin one another, are resting on lime- 
stone and, indeed, are found in cavities in the limestone itself ; 
hence, one is l(‘d to tin* conclusion that the- river which deposited 
this gold very probably had an und(‘rgr»)uud course for some 
distance, in which <'aso a lead of gold may ye't be traced through 
eaves of limestone whicli mark the former course of the river.- 

These deep leads have* since, at times, been again cut through 
‘by streams, wliich have in places oven cut gorges through tho 
basalt, and the earlier d»)}>osits have been once niore concentrated 
by the action of running water. 

New Zealand Reefs and Deposits. — Tn New Zealand the 
conditions liave l)»*en very different to those which prevailed on 
tho Australian,, Continent. It is true that auriferous reefs 
are found traversing Lower Silurian beds, as in Victoria, and 
Upper Silurian bed.s, as in Now South VValcs; but they also 
intersect both Upper Devonian and I^ower Carboniferous 
rocks,' which in this couniry consist chiefly of slates, sand- 
stones, and breccias. The lower Secondary rocks which 
; overlie these beds are not traversed by reefs, so that 
■ probably the date of tlie formation of the reefs was anterior to 
the depo.siiion of these beds. There is, however, no absolute 
proof that this is the case, for tho (‘arliest known alluvial 
^^4&posits in New Zealand are iJiose known as the cement work- 
ings of Cement Town, nnar Lioiifton, wliicli are of Cretadeous urge ; 
they belong to the coal measures of thei colony, which, as 
.^fclready pointed out, are Cretaceous. 

All that is known for certain of tlie period of fonnatton of the 
ree& is that they were formed after the clo.se of tha Carboniferous 
period, and before the commencement of tbe'Cr^t^piis period. 
There is ample evidence m> support of this, foMalluvial gold, 
more or less rich, is somewhat widely distributed on, the west 
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coast of tlite South Island in x^ocks d^rCr^t^ wliUi$ 9 bmef 

very rich deposits of dal^ ^6 duo to a natural cohc^hlira^ 

tion of these gravj^ls, • i 

As an illufitraiipn, the Mangles Biver, a branch of the Btiller 
Iliver, may h%;takeny in which some very rich alluvial WBs. 
worked near the' junction. This gold was generally coarse, 
near the lovrw part of the river ; and a similar class of gold 
ivas worked, as high as Macgrcgors on the Tiraumea, at which 
place the conglomerates of the coal measures cease and the head 
waters of the Mangles flow through granite and slate. It is a 
remarkable fact that above this point, although there is still 
a certain amount of alluvial gold obtained, it is in far less 
quantity, and is much finer than obtained lower down ; so that 
no doubt can exist as to the rocks from which the coarse gold 
has been derived. Much time has been spent unprofitably by , 
miners in prospecting these Cretaceous coal measures for reefs, , 
it having apparently been overlooked that the gold was probably, 
dc-'.rived from the conglomerates and simply concentrated, and^ 
that the rocks are not such as would l^e likely to contain reefs,. 

Later again in the geological history of New Zealand, in fact, 
during the Upper Miocene period, the land stood at a much 
higher elevation than at present, and continental conditions, 
with large rivers, pre.vailed. During this time the course of 
the rivers was more nearly north and south than now. The. 
Duller River instead of flowing into the sea at .Westport, as at 
present, delivered itself into Golden Bay near Nelson; the 
Aorere flowed at a higher level and drained to what is now the. 
mouth of the Parapara ; while other large rivers flowed north 
and south along the west coast, carryiug large quantities of 
shingle with them and depositing thick beds of gravel with, 
small quantities of gold. Remains of these old terrace deposits', 
yet exist; indeed beds of gravel, frequently over 300 feet tbiok^ 
occur, which have since 
been cut through by the 
cross streai^s now flowing 
from east to wjest, and in 
wliich most of the rich 
alluvial deposits * have 
been wofked. 


by 

* 9 


These alluvial deposits 
are represented in the fol- 
lowing section ^Pig. 30), 
tlie w'ash generally being 
age, which are spoken of 



5 . .30. —a, Tertiary marls; 6 , 
drifts ; c, Eeceni> alluvial ^e|iositsj' 


On blue marly clays O^ ^ertiary 
mrs as false bottom,” ^ Alluvial 
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de{)iosjt8 hgtye also been formed by the denuding actiou of water 
on reefs in recent times ; those which bocui? on the main or slate 
bottom are of this order. ' / f 

The alluvial deposits of Australia and New Zealand may thus 
be grouped as follows • — . . 

Australia. New Ze/tdimd, 

Carboniferous coDglonicrates. No parallel. 

Mt. Poole ? . Couients of Cretaceous age. 

Deepleadaof Miocene and Pliocene Miocene gravels of West Coael, 
age. only suitable for hydraulic sluic- 

ing. 

Pleistocene and recent leads on Recent alluvial deposits on faRo 
Tertiary bottom. bottom. . . 

Pleistocene and recent leads on Recent leads on main bottom, 
main bottom. 

' Black sand beaches. Beach deposits^ — (a) Back leads. 

(6) Black sand beaches. 

The beach deposits of New Zoalaud are almost . unique in 
their occurrence, for, although gold occurs to some extent' in 
similar beds in Australia and else whore, they huve never been 
of the importance of those in New Zealand. All along the west 
coast a heavy current sets to tlie northward, Which during 
heavy southerly gales is yet stronger. Wherever beaches exist 
which are exposed to this northerly current there are deposits 
of alluvial gold found near low-water mark, mixed with black 
sand. These deposits are worked by m(;ans of a portable sluicing 
table, whicli is Wheeled down to the edge of the sea at low 
water, a flexible hose being rolled down after it. It i.s found that 
■ after every storm the gold in ilie sand is renewed. Sometimes 
the men who own the.sQ claims have to wait as much as six* 
months for their deposit of gold to bo renewed ; but, even under 
• these conditions, they are reported to make good wages at their 
work. The back leads, which have yielded large quantities of 
^.gold, have been formed in the sanjc way, but, : since their 
,aepo.sition, have boon i pmovcd beyond the action oT the waves 
= by an elevation of the la/id. 

Alluvial Deposits of British Columbia* — Special attention 
"has been devoted to a dcseription of the Austrrfasdan alluvial 
'deposits, becau.se they il)u.strate nearly every condition' which 
^u prevail ; but it may be well to allude to British Columbia as 
jaffoming an lllustratiozi on a gigan^e and exhibiting 
featuires which arc perhaps better studied tbere^han; elsewhere. 
This mountainous country affords evidehce throughoiit of tho 
important part glacial action has played in shaping its ranges 
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and forni^pg itS lakes* sise aye, 

in addition to over large;ar«|rt'^|^ 

^flacial till wfaicU/iy ^ very great thiokn^s^^yySro 

‘Hill” carri^: gold in grea^^^ or less quantities, and has 
washed by hy^anlic jpower at places whore it has been;foij(tidi 
to carry sufficient gold to make it remunerative. At the preseht 
time a good d^al'ox attention is being devoted to testing the^d 
deposits, and: large areas, as yet untouched, will no doubt be 
worked in. the future. Jhit where these deposits of “ till ” have 
been cut through by recent streams, the process of resluioing,. 
already described,* has concentrated the gold, and some of the 
richest allmVial drifts have been formed wliich have yielded most 
phenomenal returns. Williams Creek, for instance, in the 
Cariboo district yielded §20,000,00(k in the early days, and 
many other (although not so rieh) d«»posits have also been 
worked. The occurrence of ricli all in in I deposits under these 
(Conditions has, course, led io p70Si)ecting for reefs in the 
vicinity, but hitherto without niucli success. Jt will bo'self- 
evident that this is another instance in which tlie alluvial gold 
has travelled for some distance from its iwirent reef, butthat^. 
jiaviug been transported fo)* the first part of its journey by iqe^ 
it has not been greatly worn, hence an inspc,ction of the gold 
itself would not git^e any idea of the disTnnee it had travelled, 

'J’he following are a few of Die eomlitions wliich have to be 
considered in the determination of the value of alluvial deposits.; 
It will be evident that gold may ho found under any of 
following conditions : — . 

1. In the be<ls of riv(*rs ; eitlier with shingle in the stream, 

as heaohes, or in pockets or lodges on Die solid rock. ' p 

2. Cnder a cover of a few fce,t of shingle or sui’face soil, whicb^ 

may be stripped by hand. ^ 

3. As leads below many loot of cover, in which case th^; 
ground has to be ivorked by means of shafts, and the lead 
blocked but. 

A. As poor deposits scattered through largo quantities, of 
gravel, in which case the whole deposit lias to be sluiced on 4|' 
large scale. . ^ 

As regai’ds the first classes of deposits it is unnecesSWCI^jf 
to make any further remarks, except to pc»int out tluit a 
of them, and the peculiarities of the riv^^rs wliich hare dej^ait|5^J 
them, may serve a guide in following the leads in the 
class of deposit*: 

Oold is dopositied by rivers at all points where .Die is 

checked by any means; thus, during floods, when the of 
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R river is as follows (Fig. 31), gold is thrown up 6n the^banks, and 
small beabhes are left when the river falls, which can frequently 
be worked by such simple methods as cradling; but leads haye 

been formed the main 
course of the river, and fol* 
low the direction in which 
the main body of the river 
flowed. 

This being the case, a 
Fig. 31. -Section. careful study shouhl 

made of everything which 
causes any change in the direction of a river. The following 
sketch illustrates this, and gives a fair idea of the manner in 
which beaches are formed, and the gold renewed in those beaches 

from time to time when 
the river is flooded. 

The principal current 
would flow down the 
centre of the course ' so 
long as no obstructions 
were encountered; but 
when any bluft* was met, 
the direction of the cur- 
rent would be changed 
and pass from one side of 
the stream to the other, 
to be once more deflected 
on meeting a bluff‘ on the 
other side of the river. 
Not only this, but when a. 

Fig. 32. -Plai river is cutting its bank on 

w one side, it is continually 

dejpositing sliingle on the other, the section of the stream being 
as in the accompanying sketch (Fig. 33). 

The aurihnous deposits will, therefore, be formed in the slack 
water on the shallow .sid^* of the .stream, and the leads of gold will 
follow much strajghter lines than the regular course of the str&arn 
which deposited them, and, irioroovcr, will n\it be uniformly rich 
along the I'-^ad. , 

It is evident that where a close idea can be formed of tlie 
former direction of the stream which deposited the. leads of gold, 
much IntbrmatioijL may be gleaned as to the diiraction wliich tlie 
richer parts of the leads will take ; but unfortunately it is often 
the case that the surface has been sc changed since the deposition 
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whatever is paid to the distribution of leads of gold ; but the 
whole body of wash is sluiced away on a face, the profits being, 
dependent upon the enormous quantity of material moved. It 
is!i.chiefly in America that operations of this sort have been 
carried on, where, on the slopes of the Uocky Mountains, large 
claims ar^ worked to treat wash dirt from 100 to 300 feet in 
thickness, in which, it is stated in official reports, as small a 
return as 2Jd. per cubic yard will pay. In cases of this sort^ 
there are, of course, several faces opened u[) for sluicing, and the 
quantity of water brought in is enormous, while, necessarily, all, 
other conditions must be of a favourable character to enable , 
these low grade deposits to jiay dividends on the capital 
involved. It will bo of interest to call attention to the salient . 
points in any such scheme, in order to afford tlie prospector the 
op*porbunity of gauging the chances of success, . . j 

Necessarily, thef first consideration is the quantity of golfi 
l^reisent in the drifts, and the thickness and extent of these driil^:' 
themselves. This question should be gauged at the outset byf 
sinking shafts thi^gh the drift, and cradling or hand^luieiug' 
everything tha^ is raised from the shafts. By these 
best idea caXi. bo obtained of the average yield of the ‘ ' 

When the yield is high, other conditions are of oomparetively 
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little import^ce; "but when low eti^Orj other featur^j, must be 
eonslder^ in forming ru estimate. , 5he quantity of water 
available^ust be gauged and the cost ea|itaat€|d ,Df bringing thi.^ 
on to tlm"‘pr6perty ; and seeing that the pressiire attainable is 
an important point, a careful survey will be. t‘^uf^^l to see at 
what altitude the water can be brought on to the^laim. This 
survey is of the more importance, because by it, She only fair 
estimate can be made of the cost of the race, the amount and 
height of fluming, where it is advisable to use siphons, and a 
hundred other smail points, all of which bear upon the value of 
the ground. 

The next most importajit feature, after the yalue of the 
gravel and quantity of water have been determined, is wliat 
facilities exist of disposing of tailings, or, in technical terms, 

, ‘*what dump exists.’^ This is of great importance, and involves 
several considerations. When the deposit to be sluiced is 
situated high up on ranges above the river level, especially if a 
stretch oi unoccupied ground exists between the claim and the 
river, no possible ditliculty can exist ; but this is not filways the 
case. Difficulties may arise, cither from there not being suffi- 
cient fall, or from farmers or others occupying the Jower lying 
ground and objecting to the tailings being deposited upon their 
property. This has formed so imp(»rtant a matter in the United 
States as to necessitate an Act of Congress (known as the 
Debris Act) restricting owners from depositing tailings, except 
under arrangement, and o<impelling them to im]>ound them in 
settling areas avIuui requin d, and only to allow the clean water 
,to escape. 

The difficulty of impounding is not so very serious in the 
V matter of additional cost if a sulliciont head of water is avail- 
^^able, for by tlie use of hydraulic eb^vators the tiiilings can he 
’ raised to 10 or 15 per cent, of tlie height representing the 
"■pressure of water available. When this pressure^ hbwever, 
^;^nnot be obtaim.d the absence of dumping ground will make 
ail otherwise valuable property of no value at all. Even when 
the tailings can be dealt with by elevators the initial cost of the 
undertaking is considerably increased if they have to bo 
ABmptoyed. « 

Some very extensive operations are conducted times with 
the object of recovering the gold in the beds of live rivers, and 
vei^ often the results achieved are not the 

expenditure. The methods adopted vary a gpoji d^l^taccording 
to the nature of the river; thus, for instanc^,i,’oli th^lMoljneux 
River, in New Zealand, dredging has bceh very successfully 
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adopted, bucket dredges^ the 

di-edged sMced on tailings ^'ipoderh 

aro disposed of the stern of 

and are thus del^altedte^ a greater elevation than Su3^^e 
of the water^ the 4r<^guig 'channel being kept clear. . dimil4r 
operations ate^jb^thg proposed on the Fraser River in Britii^ 
Columbia. She success of these operations depends to a very, 
large extent .liippil the facility with which the dredges can be 
moored, theMd^gers from rapid rising of the river, and the 
manner in -which operations are conducted. When other con- 
ditions are,^ felvourable, very low grade gravel will pay for 
dredging, but it is difficult — indeed, impossible — to estimate 
what the . yield of a river bod will be, except by means of a 
dredging plant, so that the expense of a dredge has to be in- 
curred for the purpose of i)rospecting. It is true that some 
idea may be gained by testing tlie river bed at low water^ or 
even by running out wing dams. Tests arc also made by divers; 
^ind occaisiotially 1^ bore holes : but these can never be retied 
upon as giving accurate.' results. Hence some speculation must 
always attend the first operation.s in dredging a river. Dredges 
are now largely used for washing the beaches which dank 
streams, and also for dealing with alluvial deposits which are 
at some distance from existing rivers, for wherever an excava- 
tion can be made in which HufficieTit wat<'r will accumulate to 
float a dredge theSe machines c-an V^e employed. The cheapness 
with which dredges are operated makes them well adapted for 
treating very low grade gi*avels. In other cases a river . is 
diverted, ^and its original bed laid dry; and in others again, 
the construction of crate dams down the centre of the stream/- 
and tlie deflection of the river to one or other side, one-half of, 
the river bed at a time is rendered available for sluicing opei^ 
ations. Great danger exists in these cases from floods, and it. 
is by no means an unusual thing for the work of months to bt 
carried away in a night, many promising enterprises having 
thus been brought to an untimely end. 

Alluvial deposits, it will be seen, include forms of ininin^^ 
which Vafy from the most primitive methods of washing with 
tin dish, cradlii^g^r hand sluicing, to o})erations which invpl^ 
the expenditure of large quantities of capital, and tax , 
energies .of best hydraulic engineers to bring them 
successful i^avie. . 
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CHAPTER X. 

NOBLE METALS. 


GN>ld— Platinum — Osmium — Iridium — ^Pallqdium — 
Tellurium. 

Gold. 

Distribution. — Gold is more universally disseminated in nature 
than is generally supposeil, although there are only a few fields 
in the world where it is abiindaiit. South Africa is now^ the 
largest producer, with a yield of over 4^ millions of ounces of 
gold for 1898, Australasia being next, and California third on 
the list. 

Its general mode of occurrence is, like platinum, in the native 
state; but, unlike that rare metal, gold is found in association 
with many ores, especially sulphides. Gold occurs in actual 
combination with tellurium only ; there are tellurides of gold, 
of gold and silver, gold and lead, etc. ‘ 

Mode of Detection. — There is very little difficulty in re- 
cognising gold, although many curious mistakes are made by 
men who have had no experience, specks of copper pyrites in 
quartz and even small yellow ilakes of mica being at times 
token for the precious metal. Gold, however, remains of the 
same colour in every light, is metallic, and can be cut with the 
point of a knife ; whereas, other minerals are brittle ; moreover, 
it is not affected by acid other than nitro-muriatic acid. Tiio 
prospector, however, soon gets so well acquainted with its appear- 
ance as to hardly ever make a mistake ; if the stone be crushed 
and washed, the gold will be very readily recognised in a tin 
dish in which, if any doubt exists, it can be .amlilgS^^ted with 
a little mercury. if; V 

Association with. Sulphidos. — Although. gf9id\ is almost 
univenB^ly present in iron pyrites, it is not> in moat cases at 
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any rate, in acteal combinatSoumth sniphttr j but is only dist^ 
seminatcdf^through pyriteS ^iii the met»nic state^ 5)t^;;inW 
<^lated in minute so^es between the crystalline layel^ ' 
rnineral. (^Id » klsd found mixed with copper pyrites, .galehkj. 
zinc blende^Upiii^er, stibnito, magnetic pyrites, and cinnabar, 
all of which are stilphidea It is often found in company with, 
native bismuth,, niagnetic iron, haematite, barytes, apatite, flupi*^ 
spar, and siderite; but its most universal matrix is quartz, 
although calcite or dolomite more rarely form the gaiigue. 

Auriferous Belts. — The most usual mode of occurrence of 
gold is in reefe, from which alluvial deposits are derived. In the 
richest and, most celebrated gold-mining districts these reei^ 
do not occur singly, but in belts. The reefs in tlie two most 
important mining districts of Victoria at Ballarat and Sandhurst^ 
which lie to the south and north of the dividing range respectively, 
form two well marked mineral belts. In New South Wales there 
is an important, though not so well marked, belt which extends 
north and south oi^Bathurst ; and in California the whole of the 
auriferous veins of the Sierra Nevada can he considered as a . 
great auriferous belt. 

In each of these cases the main trend of the belts is north and 
south; but there are many auriferous reefs occurring in them 
which strike in other directions, especially east and west, or at 
right angles to the principal veins, and these are called cross* 
veins or cross-courses. In Victoria the number of cross reefs i^ 
probably not one-tenth of the total number of rec'fs known, but< 
in New South Wales they are of more frequent occurrence. 

It is ii^ortant to study tiio course of the greater number of 
reefs in any district, because the dispersion of gold in alluviflk is. 
^ most abundant in regions wdierc the drainage system corresponds 
with their strike, rivers flowing at right angles across the general 
direction of the reefs not liaving .abraded them over so extensLva 
an area. 

Gold in Eruptive Bocks. — Auriferous veins occur most^ 
frequently either in or associated with eruptive rocks. In . 
Transylvania eruptive rocks of Tertiary age are traversed by : 
vcitis containing pyrites, gold, and other minerals, sometimaa^ 
silver, and sometimes the rare metal tellurium combined with: 
gold, gold and ailver, or gold and lead. Other veins which 0|^6sa.^ 
tho main lodes appear to have exerted a favourable influence 
them. ' ‘ 

The most imjgjpr^nt eruptive rock in which the precioualnetsi 
occurs is the sb-^lled propylite, an altered variety of andesljte 
which occurs iti some of the Transylvanian mines^ and which ia 
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the enclosing rockW the Comstock lode ; the SMne rock is also 
found at the Thames in New Zealand* .. ' 

In the tTral Mountains gold also oceut9 i^>ern;|stive rocks. In 
%h.i: district of Berczowsk, in the Southeitd ‘Tirak crystalline 
schists have been traversed by dykes of a Ihe^graii^d variety of 
gi^ite, parallel in strike with the direction pf the moumaiii 
chain. This variety of granite, especially when, .'it is in contact 
with the lodes, contains iron pyrites altered and decomposed to 
linsonite. At right angles to the dykes innumerable quartz 
Vl&ins occur, from 1 inch to 3 feet wide, containing gold, iron 
pyrites, die., but they have not proved very remunerative. Gold 
also occurs in the same district in quartz veins traversing 
diprites, serpentines, &c. 

r- The auriferous belt of California extends along the lower 
slopes of the Sierra Nevada, which is formed of granites, flanked 
by crystalline schists and other rocks up to the Jurassic. It 
<Jonsists of quartz reins striking in the same direction as the 
beds, and containing numerous metallic sdiphides which all 
carry gold. 

One of the most remarkable gold veins in California is the 
great mother lo(h*, which extends for a distance of over 70 miles, 
with a thickness varying from 6 feet to over 60 feet. In some 
pIao^.s it outcrops like an immense white wall, but not always 
remunerative. 

Bedded Veins.- -The Veta Madre in Mexiico is a vein 
coinciding with the strata, and is considered to be a bedded 
vein, the dip of both the lode and rocks being abpUt 45\ It 
attains at some places a thickness of 150 yards, au^ occurs at 
the junction of day slates and conglomerates which are supposed 
to be, the former, of Devonian, and the latter, of Triassic age. , 
The veinstone is amethyst quartz with calcspar, enclosing 
li&agments of the country rock. Gold, silver, and silver glance 
the principal ores ; but numerous other ininU]::al$ occur, 
inCludhig the common sulnhides. / 

V ;Iiv cases of this sort whore ore deposits are^folr .a part of 
, their course, regularly intersiratifiecl between the beds, it is 
difficult to avoid using the term ‘‘bed” to describe them ; and, 
indeed, it is quite po.s.sible that such deposits tnay in some 
oases have been formed as bed.s in a similar manner to the 
banket bede of the Transvaal already describe^/ ; When the 
term ^ bedded veins ” is employed it must jta jirpei^tood that 
thejhr.formation is attributed to the same.o^i^A^;lliat of true 
veins, Rnd that they have not been formed 'otiifeftiporaneously 
with the strata in which they are enclosed. . 
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It must be T^learly uiii^sr9to<^ auriferQii$^ 

quartz venis are geapj^liy "aBsqbiated with 
perhaps the greatej^' of 3^e& travet$e , 

strata whic^v haw t^eeu intersected by dykesl^ X 

Beefs tra^^itfg Sedimentary Beds. — lu Yictoria, 
careful observAtidiis have been made and records kept,, the:' 
auriferous quaHs veins which traverse the lower Silurian rocksi ' 
are considered to'be richer than those wliicli occur in the upper ; 
Silurian ; t^oee ih the lower Silurian also strike more n«5arly 
north and sbuth than those in the uppej* part of the system. 
Cross reefs striking east and Avest are oompai-ati vely rare. 

The reefs in In ew South Wales are generally smaller and 
richer than those in Victoria. They occur mostly in the upper 
Silurian and Devonian systems, and cross reefs are more frch- 
quent than in Victoria. 

Beofs asisooiated with Diorite.-— In all tlie Australian 
CoionieSj as in other parts of the world, eruptive rocks are 
frequent associates of gold-bearing veins; but in NTictoria the 
mode of occurrence is somewhat peculiar, dykes of diorite , 
sometimes lying alongside auriferous reefs, and in other places 
intersecting and somctii%e$ heaving them. 

An interesting instance t)f this class of deposit occurs at thjP J 
Wentworth goldfield, near Orange, in New South Wales, where 
the gold seems to be partly held in solution l)y mispickel, from > 
which it exudes when heated in the sliajic of moss-like ex- . 
crescerices (Liversidge, Trans. Jtmjal JSoc., W., 1S76). 

According to the late Mr. C. 8. Wilkinson, the auriferous^,; , 
deposits oicur at the junction of sorpcaitine with a felspathiu. 
rock containing hornblende (hornblendic felsite), which itt; 

» some places passes into diorite (sections examined microscopically ^ 
by Mr. 0. J. Alford show' this rock to bo a magma basalt). 
Along thip line of junction is the “ lode,’’ which, at the surface^, 
is a fissure 6 feet or more in width, extending nearly JST.W.aUti ;" 
S.E. for a distance of 50 chains, it is tilled with a sandy ferru-^ 
ginoua clay containing hard siliceous accretions of irregular 
shape, locally termed “ clinkers.” It underlays to the N.E* 
abdut 65®, though in some places it is nearly Axrtical. 
hornblendio, felsite«forms the footwall, and the serpentine 
hanging wajl, ^ r 

Shoots.«^ii)i the felsite at varying distances along the 
are quarts -yeiua; &0Ui a few inches to 6 feet thick, 
from the we^ H^HCbuttiug against the lode, which 
to follow dowd, foming irregular quartz, pipes'.^ or 
wHicli dip diagonally in the lode towarda the east; 
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▼eiu have onlj^ bJ^n found to contain payable );oId ^hcn they 
junction with the ** lode” and form shoots (also called ^'bonanzas”). 

Mr. Canning, writing in May, 1^98^ says — “Along th? 
outcrop oY the ‘joint* after the removal of the r^w-nt alluvial 
some twenty apparently distinct lodes were discovered. Some 
of these were not more than 50 to 60 feet apart, others lay 
several hundred feet away from the next. .About 3000 feet 
divided the most south-easterly from the extreme north-westerly 
body. Most of these veins on reaching the contact joint over- 
flowed along it in a south-easterly direction, and, the gold for the 
most part existing in this overflow, the early miners on the 
field regarded the contact joint as the main channel, and the 
auriferous body found along it was known as ‘the lode.*” 

The Wentworth field aflbrds an illustration of the influence 
exerted by cross veins in determining the dip of shoots of gold, 
but in many other localities, especially where the rocks are 
dipping at moderate angles, and are of differept degrees of hard- 
ness, the rich parts of the lode Avill be determined by the inter- 
section of the lode and a belt of congenial or “kindly** country. 
It is of the greatest inijjortance to discover the laws which 
govern the distribution of tiio ricli partain reefs, and the causes 
which have influenced tlie dip of tlie “pay shoots.” Although 
the laws which have been cnunciafod in the chapter on fissure 
lodes will not always explain all the peculiarities of afield, they 
will form the basis on whi< h to work ; and, whan considered in 
conjunction witli any local peculiarities which may exist, will 
generally give \aluablc results. A careful record of the work 
in a mine, showing, in addition to the direction of the levels, 
the distribution of the rich parts worked, and any changes in 
the rocks, or intersections of veins, will afford most valuable 
hints as to tlio direction wliich future workings should take. 
These details unfortunately are seldom shown on the plans of 
mines. 

, .Saddle Reefs. — A class of reefs not hitherto described in 
these pages, which arc called “saddle reefs,** occur at Sandhurst, 
Victoria. Fig. 34 gives an idea of their shape, and also suggests 
that they may liave been formed at the intersection 0^ 
system of fractures with cross-joints in the? rocks; they may, 
however, be due to foldings of the strata. 

The richest parts are said to be at the caps of these Teefs; the 
branches (which are called the eastern and wepterp :lcge respec- 
tively) being relatively pooT) although generall|f pW of these 
legs will pay to. work for some distance dowh^ while the other 
is barren. . Many of these saddles are found one below the 
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dewloped by 

* It is not iu Saodharat only that reefs of curved sfaa^e oooor; 



at dunes, fi»r instance, thfri' IK ,e\pia] saddle reefs Fiir 35 
ahours tim shape of one of (hen., winch s.cus to iL a vJin of 



l^ig. 36.—8witioti. 


Fig 35.-V?ectJOn. 

se(?reKation in the folds of an anticline to the west and of a 

sWeet' *"i T/o/ ■wMh here is covered by 

81 feet of gravel, 142 feet of basalt* and 16 feet of surfiuw roih ^ 
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Hat; VoiDs Gipp^land thote are aonio i’ntcrejsting veins 
of ae^rei^ation '^hich are illustrated by the accompanying sketch. 
They called “Hat veins,” and occur, in dykes of diorite 
potphy]?y, which, for a certain depth frpm , /surface, arc 
decomposed to clay. The quartz is very rich in soft, decom- 
posed matrix, .but when the un decomposed,, robk is reached 
in depth, the quartz appears to bocomo poor, or to run out. 

Gold in Itacolumito. — In Brazil, gold occurs, under excep- 
tional circtunstances in beds of metaniorphio Sandstone, wliicb is 
sometimes flexible, containing mica, micaceous iroDi and other 
minerals, and forming lenticular masses in ^ formation whiclx 
is supposed to belong to tlie liower Silurian or Cambrian period. 
This sandstone, which is called ‘‘ibicoluinite,” not only contains 
gold, but also diamonds, rutile, tourmaline, &c. Tlif3 gold is 
always alloyed witli silver and copper, ^and sometimes with 
platinum. 

Gold m Timazito. — At Borsa-bflnya, be.s^de3 some trachyte, 
there is a peculiar labradorite rock, called timazlte or horn- 
blende andesite, Avhich traverses both the mica schists and 
Carpathian sandstone. A whole moantain is formed of tliis 
timazite, in ^^hie^ a certain number of veins occur nearly 
parallel to one anotlnu*. Copper pyrites and iron pyrites, witli 
little' quartz, compose tlie filling of those lodes, and are both 
auriferous, and iron ])yrito.s is also disseminated through the 
timazitc. 

Gold in Transylvania. — At llodna, Transylvania, gold and 
silver occur with Hul]»}iides iii a vein of calcspar and quartz in a 
contact depo.sit. The country consists of mica sclPist, horn- 
blende schist, granular liinestono, and Ttsrtiary deposits, traversed 
by dykes of andesite. vVhori these come in contact with the 
limestone the ore deposits occur. 

. Gold in K’ovada. — in the Eureka district, [Nevada, a great 
;ore channel exteinl.^; along the eastern base of Prospect Moun- 
trfin for a distance of 12 miles. This appears to be a contact 
deposit in bods of liinc.sionc, quartzite, shale, ike. The ore 
contains gold, silver, and lead, and some of the mines have 
yielded a considerable return in bullion. 

’ ^^reccia Lode. — Before concluding this branch of the subject 
there are some exceptional modes of occurrence which 

shduld be described. The first of thcjso is at ‘ Birowns Crook 
mm® ne»r Blayney, New South. Wales, descried Jan’ imincn 
breoeia. lode, in which the gold is disseminati^ particles. 

Thtf^'vein etuff is a ferruginous flinty rock, with concretions ol* 
chalcedony and the country rock is limestone penetrated by dykes 
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of grey diorite.® It has, .beoii 

evidence ot segregati^jpt^qr deposition from 

probably accompanied. dipriki eruption. " ' 

Another Vejmar&ahie deposit which opcurs at Belubuli^ 

South Wales, Ims^ready been described in the chapter on 
tied deposits ;.,bht\;the niost remarkable deposit of all is thaV6£ 
Mount MorgAlx m Queensland of which the following descrip^^^t, 
tion by Mr-' It. X, Jack»published shortly after its discovery 
is of interest. • , , 

The summit of Mount Morgan was coinpose<l of wliat Mr. Jack 
calls a sinter deposit, and he says, in his report on the district: — 
“Down the hill sides to the north, w^est, and south a similar 
deposit is everywhere met with ; a frothy or spongy matri^f,. 
sonictiines aluminous and sometimes siliceous, generally iron- 
stained and occasionally associated with large masses of red 
and brown hsematite, but gold has as yet only been obtained 
from a few places ^away from the Jiill toj), although, naturally^ 
there has been vigorous j>rospecting (so far as possible in an 
udusually dry season) Avherever the ‘foniiaiiou’ resembled that 
of Mount Morgan.*' 

In describing the deposit lie says : — “ Tlie frothy and cavern-, 
ous condition of the siliceous sinter of JMount Morgan may , 
accounted for by the escape of steam, while the silica was yet. , 
(after its deposition on the evaporation of the water) in the/ 
gelatinous condition so frequently observed in the deposits of,,'., 
hot springs. Thu aluminous silicates represent the familiar / 
outbursts and flows of mud. The iron oxide, appears to havcii-,^' 
been depAited in some cases along wdlh the silica and alumina,^,... 
and in others to have been dejjo^ded later, its solvent fluidv- 
• having been, as it were, injeetuil into the iiiterstices, vesicles^’' 
and caverns of the silica and alumina. In some cases it may " 
have been originally pyrites, as it now and then occurs in . . 
cubical hollow.4. Calcareous sinter is very common in siliceou ^7 
springs^ and its absence from Mount Morgan must needs imply 
the local absence of limestones among the rocks from which theyfii 
spring was, fed. The silica w^nuld bo found abundantly in th©//-;' 
quartzites, and the alnmimi may have come in part from a deep^^fi 
seated iindei^lying granite. The gold, and to some extent 
iron, may have, been dissolved out of the iron pyrites of 
reefs as thb 'Mundic Reef' seen in Mundic Creek; th0 
possibly by cbloripe produced by the contact of hydr6cfi^i3^^? 
acid, derivedfr^ tie decomposition of chlorides, with 
which occurs sparingly in th^ form of pyrolusite along mp®©' 
ironstone of Mount Morgan,’' ' . . ' 
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It is doubtful Vhether Mr. Jack was correct in his views 
regardiug" the .origin of this deposit; for a lode decomposing 
near the surface, especially if highly charged with pyritiis, 
would present very similar phenomena,^ and later dievelopments 
have demonstrated the pyritic nature of the lo^er levels, the 
pyrites being associated with quartz (see also p. 104). 

Gold in Deep Loads. — The occurrence and, distribution of 
gold. &c., in alluvial deposits has formed the subject matter of 
another cliapter, but a few remarks may ‘^be added on deep 
alluvial deposits. 

It should be borne in mind that in those places where deep 
alluvial leads have been covered by flows of basalt they have liad 
the best chance of resisting denudation, and it is to the protec- 
tion thus alforded that the deep leads of Australia owe their 
preservation. It is evident that such leads are not likely to 
exist in flat country ; but will generally occur either on the 
slopes or at the foot of high ranges. In many cases where the 
alluvia of the valleys have been thus buriedT and protected, the 
rivers have been compelled to out fresh channels for themselves. 

Most of the deep lead.^' of Victoria have been buried in this 
way, and at Ballarat there are no less than four distinct beds of 
basalt, below each of which a bed of auriferous drift oitciirs. 
These diflerent flows of basalt are known as the first, second, 
third, and fourth rocks resi»ectively, and they are represented 
in the following sections, taken from Brough Smyth's Australian 
ixoldfieldsj 1869 : — 


9 A 



w ■ ‘ 

Fig. 37^^~Sect£on at Ballarat.r-G,GraDite; L S, Lower Silurian ; B, Basalt. 

Drift; 2, Newer Pliocene Drift; 3, Heceut; 4, Most Recent. 
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In the followfrig sectioa -taken fn)m the Ame work, a valley 
has been formed by ^denu^atibn of the drift. On one side of the 
valley the* drift i» overlain by basalt, but is uncovered eh, the 
slope of the opposite bank (Fig. 38). 



Denudation has frequently worn away the beds, so as to leave 
hills capped witli basalt, as on the slopes of the Sierra Nevada. 
The gravels seldom lie on 
a flat bed rock, but gener- 
ally on a concave, basiu- 
liko sur^ce, the edcrcs of 
which are, in Oalifbruia, 
called “ rim rock,’' the 
term “ bed rock ” being 
reserved for the bottom 
of the depression. Tail ’^9 -- Section. 

rac(js, or sludge channels, ^ 

are frequently driven tlirough this *^rim rock ” in order to work 
the low-lying parts of the drift, as in the section (Fig. 3i)). ^ 

Platinum and Allikd Metals. . ' - 

l^latinuTO, the least fusible of the metals, occurs in allvLyi^. 
deposits in small grains, t<»gether with some other very 
metals such as qsmiuno, iridium, and palladium. It h 
found with goW, fe in the Urals, which district produces hmly 
all the platinum used* in the World. In other conatHes it 
occurs in relatively small quantities, as in New !^ealand and 
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New South Wales aujl a fair quantity has been found in somo 
parts of CalifoiTiiUf although no steady yield has boe.i obtained 
there, probably due to a large extent, to the fluctuations in 
value Inaking the search for it seldom remunerative. ^ 

In Now South Wales, a nugget of 268 grains-^over half an 
ounce — is reported to have been found, at Wischnan’s Creek, 
with alluvial gold , but it was no <loubt very impure, Jiaving a 
specific gravity betwcpii ITi and 16 only. 

Although of com para. lively little iinportiiyice, some of the 
metals usually ass< loiated may be mentioned. Tridosmino, 
especially, is stated to occur commonly with alluvial gold in 
New South Wales, usually in minute grains or scales, and it is 
also mentioned from New Zealand. 

It may bo remarked in connection with these minerals that 
platiniridium and iridosinine are even heavier than pl.atirium 
itself, as seen in the table ; and that they are at the same time 
the hardest metals, being as hard as quartz; so that they .ire 
easily distinguished from pJatiiuim, which is malleable, and of 
the same specific gravity as gold. Platinum has never been 
mined except in alluvial dcjiosits, but from its association in 
the Urals with chroiuo iron and forpentino, it is inferred that, in 
this country at least, it occurs in serpentine. In the neighbour 
hood of Jhokeri Hill, N<‘w South Wales, it has been found as- 
flOciat(:d with a lode, but has not been worked. 
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Mineral. 

CompoBitiou. 

flanl- 

ne??. 

Specific 

Gravity. 

Colour. 

narks. 

Electmm, . 

Gold with 
207, silver 


14 

Very pale 
yellow 

Malleable and 
ductile. 

Gold, . 

Always w'ith 
more or less 
silver, &c. 

2i-3 

15-6-19-4 

Yellow 

Malleable and 
the most duc- 
tile of all the 
metals. 

Piatinoin, . 

i 

Pt with Ir, 
IM, Ac. 

4-5 

17-21 

Steely- 

white 

Malleable when 
pure. 

PUtSniridium, 

1 Pt, Ir 

6-7 

22-23 

White 

Iffidosmine, . 

Ir, Os 

7 

I8'8-21-2 

TiD-w£it^ 
or lead- 

Malleable with 
difficulty. 

Palladium, . 

Pd with Pt 
and Ir 

44-6 

11-5 

\^§Bb 

Bteel-gfey 

Duotile and 
malleable. 

> ' 


Pr, platiimm. /r, iridium. 0«, oamiam, Pd, palladium. 
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Tellurium Minrbale. 

■ 

Tclluriun^ is the brSy metal which has hitherto been fonhcl in 
nature in actv^F chemical combination with gold. It also occara 
in a nutive slate, and, combined with other metals, forming 
telluridcs. 

The most important of these are included in the following 
table, but telluridiis of mercury, bismuth, lead, and nickel also 
exist : — 


TABLE OF TI5LLURIUM MINERALS. 


Mineral. 

Constliiicnls. 

Metal 

por 

rent. 

1 

TTard- 

IK i.S. 

Specific 

Gravity. 

streak. 

Itcinarks. 

Tellurium, 

• 

Native 

Small 
propor- 
tion of 
gold 

2i 

6 


Tin-white, very 
fusible, bums 
with a greenish 
flame — very | 
rare. I 

Nagyagite, 

1 

Te, Au, Pb 

Au9 

1 

7 

Blackish 

lead- 

grey 

Lead -grey, very | 
fusible, gives a 
blue colour to : 
the flame— rare, j 

Hessite, . 

Te, Ag 

Ag (32 

1 

2^-3 

8-5 


Lead-grey, malle- j 
able— rare. / 1 

Petzite, . 

^Te, Au, Ag 

1 

2i 1 

8*7-9 

Iron- 

black 

Sometimes . l;ar- 
nished. 

Sylvanife 
, or graphic 
tellurium, 

Te, Au, Ag 

Au*26 
Ag U 

14-2 

1 

8 

Steel- 
grey to 
silver- 
white 

Steel-grey, seotile, 
gives the flame 
a greenish-blue 
colour. 

Calavcritc, 

Te, Au 1 

1 

1 

Ah jo I 

Ag .1 1 

_ . j 

1 

J 


Yellow- 

ish- 

grey 

Massive, bronze- 
yellow, • brittle, 
bluish - green 
flame. 


Te, Tellurium; Au, Gold; Ag, Silver; Pft, Lead. 


The most common of these minerals, petzite and sylrahitei'Vj 
ar<^ oP' fairly common occurrence in Colorado, more especiatly^'^f 
(Vipplo Creek } in the gold and silver mines of Ti’ansyly^n^? 
find, TTiore reoentfy, they have been discovered in Gonsi^eiy4>le- 
quantitv in the Hannans or Kalgourlie District , of Weiafiern 
Australia. In this last-mentioned locality they jj,re found, 
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accompanied by pyrites and forming the pertnanent ore, in 
deptl)^ below the zone of decomimsition near the surface. 

Above this line of decomposition, some very rich f^rruginom 
quartz lodes occur, and the gold is very ^ne — in 'some cases 
looking like mustard disseminated through the matrix, and 
only exhibiting its metallic lustre when burnished; 

Tellurides constitute exceedingly valuable ores when they are 
sufficiently rich to allow of hand picking and sale to smelters, 
and even t)>e j)oorer ores can bo treated by rrasting and either 
chlorinaticni or cyan i elation. In many cases attempts to concen- 
trate have been unsatisfactory, as the mineral frequently slimes 
a great deal ; but concentration is said to liave been successfully 
applied in Boulder County, Colorado, and the possibility depends 
to a great extent upon tin* nature of the ore. 

Specimens are found in many localities, but it is in compara- 
tively few places that workable deposits exist. 


ciiAn^BK xr. 

SILVER AND LEAD. 

Silver occurs under two very <litrereut conditions; trTfe first as 
silver minerals or ores, the second as ores of lead or copper in 
which more or loss silver is present. 

As tlie simplest means of extracting silver is by smelting with 
lead ores and desilverising the lead thus obtained, it is obvious 
that when no lead is contained in the ore itself it will bo 
necessary either to mix load ores with it, if smelling is to he 
resorted U) ; or else adopt a difleront method of treatment. 
Those silver-bearing lodes which do not contain lead are spoken 
of as “ dry ores.” 

It will be seen that the ores of the first class may be directly 
recognised, cither by their ap])earance or blowpipe characters ; 
whilst the second class will only disclose^ to assay whether*or no 
they contain silver in sufficient quantity to bo of value. 

The silver ores proper all yield a bead of s^lvqj: when tr(‘ated 
before the blowpipe,. on charcoal, with carbonate of soda; the 
most common of them are given in the following table 
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• ' 'Jk- ' * 

« TABLB OB SILVER ORES. 


• 

^rincia]. 

-1 

Combined 

^with 

K 

•|1 

Other 

Metals. 

s 

Q> 

a 

1 

;>ecific 

Gravity. 

Streak. 

• Remarks. 



«3 


IC 

CO 


-m 

Native Silver, 


100 






Argcntite (ail- 

S • 

87 

... 

2-2-5 

7*4 

Shining 

Perfectly aectile, 
crystals usually 

ver glance), 






Stromeyerino, 

Sternbergite, 







shiivelled. 

8 

53 

Ciisr/, 

2-2*5 

7*3 

Black 

Deep lead-Dtrey. 

8 

33 

Fe 

1-1 -.5 

4*2 

Do. 

Rare — gives a 








magnetic glo- 
bule from pres- 

Stephanite 
brittle sul- 







ence of iron. 

a, sb 

fi8 

... 

2-5 

] 

6*3 

Shining 

1 

Tabular ciy stale, 
iron-black. 

phide. 

• 





1 

A 

Polybasitc, . 

! 8, Sb, As 

64 

CulOV, 

2 5 

6*2 

' Black 1 

Do. 

ByraVL'ynte, , 

S, 8b 

CO 

2-2*5 

5*8 

Ked 

Dark ruby-silver. 

Light ruby “ sib 

rrou&tiic, 

a, As 

05 

... 

2-2*5 

5*6 

Do. 

Kcrargyrite 

Cl 

75 

... 

I-l *5 

5*4 

Shining 

ver, 

/Products of de- 

(horn-ailvcp), 

Br 





1 composition 

1 occur ring ^n- 
1 e rally in crusts, 

/ coatings, and 
\ caiiliflower- 

Bromargyrite, 

67 


1-2 

C 

Yellow- 

ish- 

lodargyrite, . 






greeu 

I ’ 

46 

... 

1 

5*6 

Yellow 

Kinbolite, 

Cl, Br 

66 

... 

1-1*5 

5--1 

Yellow 

1 like excre- 







or green 

1 scences, lately 

^ . 






i 

1 in minute cry- 
\ stale. 


My Sulphur; FCf Iron; Cw, Copper; JSby ^Vntimony; Asy Arsenic; Cly Chlorine; 
vVr, Bromine; /, Iodine, 


Tho preliminary examination with the, blowpipe having deter- 
mined that a mineral belongwS to this group, it is practicable in 
sonui cases to decide by simple inspection which of tho foregoing 
miperals it is; but in others it is necessary to apply certain 
tests in order to discriminate between them, and the following ' 
notes will be of se^ice : — 

Native Silver is not likely to be mistaken for anything else,// 
its malleability and white characteristic colour being sufficient . 
for its determinaiyon. It will be distinguished from platiniii^ 
by being fuaihje l^eforo the blowpipe, while platinum iis ^not. 

It might be confounded with one of the native silver amalgWs, 
but tlifSe are rare. One of those, called “ amalgam,” contains 
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about 30 per cent.^'of silver, is bllttle and general is found 
either massive or as coatings; while another, called “ arqnerite,’^ 
contains 86 per cent, of silver and is mailable. It of^*eii occurjp 
in crystals, whilst native silver is generally found m strings, 
branches, or dendritic? crystals. Native silver ha^ never been 
worked in alluvial, and is not likely to be found ijx this kind of 
d^osit ; although its occurrence is not impossible. 

Argentite is fairly abundant andj being of great value, is 
important to recognise. Us surface is usually**tarnished, but it 
may be cut like lead and then appears of a bright lead colour. 
It is so easily fusible lhat it will melt if brought near to the 
dame of a candle. Groy copper, <;specially when tarnished black, 
might be mistaken for siher glance as it Las the same external 
appearance, but, in addition to the characters already mentioned, 
silver glance will not give nntimoiiial fumes, nor the smell of 
garlic due to ai\<cnic before the Mo\vpi{)c. Th^re is also a great 
difference in weight, the specific gravity ot argentite being 
about 7, whilst that ot grey copper is about 5. 

Some cobalt ores will Ijt* disiijiguisbcd from silver glance in 
that they are more or loss l>rittl<?, at least not malleable or 
sectile; infusible in tlie Ihunc of a candle; and yield a blue bead 
with borax before tin? blowpipe. 

To distinguisli silver glance from copper glance or bournonitc 
the blowpipe reduction assay on charcoal with soda is necessary, 
as they ar-- both easily sectile and fusible ; tlie first will give a 
silver, the second a copper lujad. 'I’lihr distinction, however, 
will bo made before the mineral is included in this grouj 

Stromeyerino. — The lustre and colour of cupriferous sulphide 
of silver are the same as those of bournonite and some grey 
copper ores ; but these will emit w hite fumes and a smell of 
garlic before the blowpipe, while stromeycrine will not. This 
mineral, however, may be ditlicult to distinguish on account of 
the presence of copper, and an assay may be necessary. 

Stophanite, being brittle, will be easily distinguished from 
silver glance, wljich i.s sectile. From black oxide of copper it 
will be distinguished by the reduction of the metal on charcoal 
with carbonate of soda, and from polybasite by tJie absence of 
arsenic. ^ 

^yrargyrito and Proustite, tJie two ruby-silver ores, will 
be distinguished from one another by ^their streak, that of 
proustite being lighter in colour, and by thjir dififereiit be- 
haviour before the blowpipe ; pyrargyrite yields fumes ot 
antimony, prou.stite the smell of garlic. They are eacl»,, how- 
ever, liable to be confounded with other ores, ^ 
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When crystallised they i^s^mble specular » iron or lisematite, 
but may Ub easily distinguished ; for iron ores 'will not ipelt 
bt'fore the blowpipe alone, while the silver ores will, and at the 
same timeTsmit the characteristic fume. Another reljdy test 
will be that of hardness, specular iron being scratched with 
difficulty by h> knife, while the silver ores yield easily to it. 
Specular iron also becomes magnetic oii charcoal before the 
blowpipe. From copper glance they will be distinguished by 
the colour of the streak, as also from polybasite. 

When compact the ruby-silver ores sometimes resemble 
realgar, cinnabar, and red oxide of copper in appearance, but 
will be distinguished by the colour of the streak, which is 
eochiueal-red for ruby silvtu*, orange for realgar, scarlet-red 
for cinnabar, and brown-rod for oxide of copper ; the distinction 
from cinnabar, however, will be doubtful. 

Hefore the blowpipe cinnabar entirely disappears, as it is 
composed of sulphur aiul mercury, both of which are volatile. 

I'yrargyrite occtirs soinetimc's of a lead-grey colour, when it 
resembles sDver glance, copper glance, and bournonite ; but the 
streak will in all cases be sufficient to remove any doubt. 

Korargyrito, or horn silver, presents the appearance of wax, 
and is as readily cut ; so will be easily recognised. The' newly- 
cut face soon tarnishes and l*ecomos gn‘yish-violet on exposure 
to light. Kubbod on wet iron, zinc, or copj)er, horn silver 
yields a coating of silver, and blocks of this mineral sawn 
through with a steel saw show silver coatings on either face. 

Bromargyrito is similar in character, liut is generally of. 
various Shades of green. 

lodargyxite is often earthy and yellow, and, consequently, 
resembles some earthy oxides, such as those of lead, bismuth, 
antimony, and molybdenum : but tlu'se always accompany the 
metals from the alteration of which tljey are formed. The blow- 
pipe lest will ascertain tlie nature of the yellow powder. 

Tlie study and discrimination of silver ores is very important, 
for not only are they intcre.stiiig in consequence of their value^ 
byt several oomppunds in which silver exists are not easily 
recognised. As it often happems that a small quantity of a rioht’ 
silver mineral, disseminated in grains through an ore, is sufEeieut:.- 
to make that ore very valuable, it is most desirable for thtf ' 
prospector to thoroughly accustom himself to the recognition o? 
such minerals; as a milure in this respect may result, m 
missing a Vah||pb^ discovery. . . 

As an illustration, it may be mentioned that small gwnk of 
argemciferous mispiokel occur disseminated through some j^enas, 
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which are^, in constquence, verj rich; and it isulso well known 
that silver chloride in large proportions is often fduiid in an 
earthy matrix which would generally be disregarded. Such js 
the cas%WLth the rich chlorides of silver scarcelj^ visible in tho 
so-called pacos” and “ colorados ” of Peru, and in the gossan at 
the outcrops of many silver- bearing lodes. ^ 

Valuing Silver Ores. — Native silver often occurs accom- 
panying other silver ores, and is sometimes sufficiently abundant 
to form its most A^aluable constituent, as ^t Kongsberg, in 
Sweden, and in Peru. Argcntite or silver glance, which is thcj 
sulphide of silver, is perhaps the mo.it important of the ores of 
this class ; but the antinioiiial .silver ores also occur in consider 
able abundance in certain localities, notably in some of tlie 
American mines. The cliUnndcs and chlorobromidea of silver 
are also, at tiine.s, of importance : but ns they are e.ssontiall^? 
ores of (iecom position, an* seldom found at any great depth from 
the .surface. In the go.ssaii of many silver-bearing lodes they 
are abundant and of great value, and are afso at times found 
disseminated through aiidesitic and rhyolitic rocks, as in the 
Calico District of (California. 

A simple, but rough, method is sometimes lulopted of testing 
the value of ores from day to day when chlorides are thtJ 
min-wls chiefly worked-^ -vi?., by powdering tho ore in the iriine, 
mixing it with a solution of hyposulphite of lime, which dis- 
solves the chloride, and then adding sodium sulphide, which 
forms a dark-coloured precipitate if much silver i.s present. It i.«i 
evidently impossible to estimate in this way the contents of silver, 
but it artbrds a very good test whether the ore \s of val<^e or not. 

Some rich silver ores are very brittle, especially those contain- 
ing antimoiiy and arsenic, and great care is neceiffsary in the 
process of taking average samples, or unreliable results will be 
arrived at. (;are is also nece.ssary in working the ores on a 
large scale to see that all the du.st produced is .saved for treat- 
ment, as this is frocpiently the richest jiart of tho ore. 

Many silver deposit.^ in America, along the Ooixiillera (both to 
the north and soutli), and in Europe, ^especially in Transylvanja, 
are connected with some peculiar kinils of eruptive rooks belong 
ing to the group of andesites, and .spoken gf as«propytites. This 
rock occurs at the famous Comstock lode in Nevada, where not 
lese than a dozen varieties of eruptive rocks, andesites, propy- 
iites,^,4kc., belonging to three different epochs of eruption, form 
the^ccompaniment of this rich deposit. * A bittgir opportunity 
could, ^ot be selected for again direciung the attention of pro- 
spectors to the important connection which may be oTV^erved 
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between the eruptive rocks aiid their metalliferous contents, and 
to tlic importance of studying their connection carefully. It> 
u^ay bo atlljed that some of these deposits are of very re^eni> 
origin, as me rocks of the andesitic family have been chiefly 
erupted during tertiary times. 

The silver dres of the second class mentioned at the beginning 
of this chapter are those which occasionally carry silver, and 
thou come under the class of argentiferous ores. These may be 
eniiinerated as follows : — 

Galena (sulphide of load). See Lead, 

Bournonite (sulpho-antimonide of lead and copper). See 
Copper, ^ 

Totrahedrite (antimonial grey copper). See Co])2)cr, 

Tennantito (arsenical grey copper). See Vciyper, 

Mispickel (arson io-sul pi lide of iron). 

Zincblcnde (sul])hide of zinc). See Zinc. 

The above minerals, wlieu argentiferous, do not give evidehce 
of the presence of silver, unless iliey are submitted to tlie process 
of assay. A very simple test for the presence of silver in ores, 
however, is mentioned in Charles 11. Aaron's Crnctical Treatise 
im Testing and Workmg Silver Ores^ and is as follows : — The ore 
should be ground |ine, and then a few ounces are mixed with 
about one-tenth of its weight of salt, and one-twentieth of 
copperas. This is placed in an old frying 3 )an, and heated gently . 
so long as a smell of burning sulphur can be noti(‘ed, the mass 
l)cing stirred with a thin bar of inm all tlie lime. After all the 
sulphur lias been driven off, the lieat is inr'n*ased for a fevr. 
minutes Jb a light red, and the mass stirred until it swells up 
aud bci’ojnes sticky, care being taken not to fuse the ore. The 
»raass is then taken out, and allowed to cool on a rock, and after 
a Jitlle more salt has been added, and the ore mixed with water 
to the consistency of mortar, a strip of .sheet coppt*r, previously 
cleaned, is inserted, and left there for ten minutes. The copper 
is then removed, washed in clean water, and if any silver ia 
present, it will be coated with a white substance, whicJi will be 
heavier or lighter, according to the richness of the ore, and, if 
very rich, will appear grey and rough. The frying p»an should-/ 
be smeared with clay oronud, and dried before being used.'' 

Silver exists in traces, or in larger proportions, in all galena#; 
but an assay is the onjy way to ascertain the percentage, aa 
there is no ^hysitfaj character to distinguish tliO' poor from the 
rich argentiferoj^s •galenas. It has often been stated that 
galenas ^th small crystalline facets, like coarse lump s^ar, 
are rich*j if silver, while those with large cleavages are poor'; but 
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this character at beiit is only local, for some galfinas with large 
cubical cleavages yield as much as 1,500 oa®. of silvt*: per ton, 
whilst other fine-grained ores contain 60 oz$.' per ton, ojT-even less,. 

Argentiferous grey copper and galena, acconipanied by the 
different arsenical and antimouial silver ores, form the chief 
characteristic of the silver mines of Saxony and Bofiemia. 

Lead Ores. 

All ores of lead give a bead of metallic leaO when heated on 
charcoal with soda before riio blowpipe. They will be roa«lily 
distinguished one from tiie other by the characters given in tho 
following table : — 
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Lead mining ill Europe is inseparable from« silver mining, as 
silver is lAostly extrac^d from argentiferous galena; cheap 
laiiour and^^cientiiic aj^liances enabling poor ores, con^nixig 
only 9 or iO ozs. of silver per ton, to be treated at a profit, 
both lend and silver being extracted. 

In America, •where the production of silver is enormous, the 
proportion of galena pHned to silver ores proper is relatively 
small, and the economic conditions are not so favourable to 
a large productiois of lead, a metal of comparatively little 
valiKJ. 

Galena. — Galena is found in abundance throughout Australia, 
])ut up to the present time only those ores which are rich in 
silver have received much attention. The imimmse deposits of 
comparatively poor ores, howe\er, of which the best illustration 
is ‘to be found^ln the Broken Hill mines, are being worked, and 
<louhtles.s as time goes on, and still more economical applirinces 
than those now infuse are introduced, still poorer ores will be 
worked. 

The most troublesome, feature about the Broken Hill ores 
has been the association of zincbleudt* wilh tiie galena, more 
os|>ecially because the silver is associat(‘d with each mineral, so 
that no process of com;entralion is of value in enriching the 
t)re. A very ingenious process was (lovi.sccl by Mr. Ashcroft 
for dealing with this class of ore which worked perft^clly satis- 
factorily experimentally, but was in.>t liiiaiicially satisfactory 
on a large scale. A brief description of tin* pi^icess may be of , 
interest. The mixed ore, cdnsi.sting of galena and blonde, is 
first roasted so as to desulphurise a portion of the blende, 
leaving an amount which is dcti'rmiiicd by circumstances still 
► unaffected. The roasted ore is tlnni leached w ith ferric chloride, 
the zinc being dissolved as i'Jdoride, Ic;* ving the silver behind 
and the iron tajeing the place of the zinc as liydrate. The zinc 
is subsequently precipitiited by electricity, an iron anode being 
en^ployed, and the ferric chloride is thus renewed. Tlie galena,, 
together with tlie hydrate of ii'oii :ind what zinc lia.s not been 
deajt with, is smelted and the silver and lead saved together in 
the ordinary way. ... 

Galena, or sulphkie of lead, is the princi})al ore of lead, and 
the permanent ore in depth; but at the outcrops of lodes seveml ■ 
other minerals, mentioned* in the table, which are products df 
decomposition, arq found These are the oxidised ores, such as 
carbonate, sulpjiate, phosphate, arseniate, and, more . rarely, 
molybdat^ and chromate of lead. The eombiuations of lead 
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with chlorine (except as pyromorphite) are fery rare, and so 
also is the oxide. 

Although carbonate, araeniate, and phosphate ol' lead are# of 
very frequent occurrence in galena lodes, they' are seldom 
sufficiently abundant to be considered as regular ores, excej)t, 
in the upper workings before the water level is Readied, below 
which galena is to bo expected as the permaneht ore. 

As galena is often accompanied by iron and copper pyrites, 
there is generally a gossan on the back ofi the lode in which 
crystals of carbonate of lead, mostly as white tables or needles, 
are found in the vuglis and crevices. 

•* Carbonate of Lead. — (Carbonate of lead is not* only found 
crystallised, but also in earthy masses of a yellowish or ochreous 
colour, and may be readily distinguished by its weight. When 
occurring in this form, it is usually mixed with eai%hy substances 
and oxide of iron, but if a ispeemiou is hrolcen carbonate of lead 
in a pure state will generally be found in the centre, and be 
recognised by its bright vitreous <»r adamantine lustre. 

Lead-antimony Ores. — Thoia^ are .several compounrls of lead 
with antimony, but they are never sufficiently plentiful to be 
considered ii.s ores. One (»f tho.so, jamosonito, contains small 
proportions of iion, cojjpcr, zinc, and bismuth. It (jccur.s in 
grey fibrous rnas.ses or small prisms, and is found in Cornwall 
associated with qu.irtz and Ixmrnonlte. Another of these com- 
jjound.s, zinkeuite, resemble.s stibnite and bournonite and occurs 
in an antimony mine in the Hart/.. 

Bournonite. — llounionite, which is spoken of in the chapter 
on Copper Ores, is a compound of lead, copper, and antimony. 
It occasionally forms uiineral depo.sits by itself, as, for instance, 
in Colombia, South Aint*rica. 

Lead Lodos. — The ore.s most commonly found associated with 
galena in lodes are zincblende, iron and coppqr pyrites, and 
arsenical iron or inispiokel. 

The matrix or vein stuff generally associated with lead is 
either quartz, fluor spar, or barytes. 

Lead ores mostly occur in lodes, while copper occurs mast 
frequently in contact vtuns ; but lead also occurs in contact 
veins, and, more rarely, in masses in sedimentary deposits, 
especially limestone. 

The best illustration of regular lode§ is to be found in the 
lead and silver veins of the Hartz, Saxony, aqd Bohemia, whi<;h 
have^ati extremely regular structure. A pla^of these lodes 
shows tl»e veins and <;ros8- veins’ belonging to different systems 
of fracture and filling, arranged with the regularity of a Thosaic, 
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and in th(j vein itself the .ores and their accihnpanying gangue 
are arrang^ with such order and regularity from the wallfi to 
the centre, Jphat tSe nameof “ribbon veins” or banded. Veins * 
has been applied to them. As a rule, the points of the crystals 
are turned towards the interior of the fissure, and in con- 
sequence the^ .^e sometimes called “ combed veins.” The 
adjoining sketch\epresents the section of a vein at Przibram, 
Bohemia, the ditierent numbers referring to the different bands 
of ore. • 



Fig. 40.— Section. —1, Caaina: or country rock ; 2, Flucaa ; 3, Quartz; 
4, Iron pjTites ; 5, Calcite ; 6, Quartz and barytes ; 7, Zinc- 
blende ana galena. 


Lode.s of this sort afford evidence of very slow deposition from 
waters carrying the nuucral matters in solution. This has 
allowed the ores and minerals to orystalli.se beautifully, sections 
of the veins showing plainly the order in which the various 
minerals wore deposited, the oldest deposits coating the walls of 
the^lodes, the youngest being found at- the centre. ^ 

This banded striictnre is almo.st peculiar to lead and silver 
loiles ; but some deposits of copper, iron, manganese, zinc, 
are also found in “combed .veins.” As already stated, lead ores 
also at times occur ks ^contact deposits,” moat of the silver 
lead n)inos workeejin the centre of France, on the bonudaries of 
the granitic region called the central plateau, occurring under 
iliese c*: .* Ations. 
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Ifi the neighbourhood of Poutgibfiud the country is composed 
of granitC} mica schists, and gneiss, an^ the, lodes arc^’ in granite. 
IJfuiuerous dykes of porphyry crop out a,fe surff^e, and the 
vein stuif is. a kind of granite differing but little from the 
country rock and mucli decomposed at the surface, involving a 
heavy expense in timbering. The ore is diss^iiiatcd through 
the granitic matrix in v*diia, string>s, or irregular masses, or in 
tine grains. 

The galena is generally accompanied by n little' zincblendo 
and pyrites, wliilc grey copper and barytes oc(jasionally occur iu 
some of these conUiet veins, but are replaced by quartz in depth; 
others contain iiuor spar. 

Shoots. — The ore forms chimneys or shoots rarely more than 
150 feet to 250 foot in length, but permanent in depth. 

Other similar de[)o.sits occur in the granitic chain of Fore/. ; 
most of them in gneiss, but some in granite. One of (hesci in 
granite is formoci of two small loaders, whiqh occasionally join 
together. The associated minerals are the same — viz., bbmde 
and pyrites ; the > oin stuif is (luartz with a little heavy spar, 
and the ore oc(?ur.s under nearly the same conditions %s those 
just described in irregular pockets or shoots. 

In the same r<'gion other contact depo.sits (of similar com- 
position) occur in granite, mountain limo&tone, or sandslom^, 
sometifues at the contact of porphyry. 


CHAPTFii XTL ^ 

Ql’ICKSILVER OR MKKClMiy. 

Cinnabar or sulpliide of mercury is the only regular and valu- 
able ore of this im tal. Ft is of a bright red to bro:wnish- black 
colour, is always red iu powder, anti affords fumes of quicksilver 
when heated with soda on charcoal. Native mercury and amal- 
gam also occur. 8e,rnr* grey copper or tetrahedrite yields mercury. 

Tests for Cinnabar,— Cinnabar is very easily scratched 
wijjlt a knife, aflbrding a deep red streak, and before the blow- 
pipe it volatilises, giving off a strong odour of burning sulphur; 
mixed with dry carbonate of soda and heated over a camllo 
dame, in an iron spoon, ft gives off vgi.poq,r of mercury, wliich 
may be condensed on a gold coin held half^n-indh above tlie 
n^ixture. The surface of the coin appears wh^sU at first, bub 
'^hen rubbed between the fingers becomes brilliant|y amalga- 
mated ; with care this teat easily detects 1 per cent, iff cufenabar in 
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an ore; the nieroury is removed from the coin* by gentle heating. 
Blowpipe (ests clistingxvish ciniiabar from all red minerals, 

Native ^eroiiry in. k pure state is rarely found, but oceurs 
uisseminat^id in [liquid globules in cavities in the cinnabar-^ 
bearing rocks, especially at or near the surface. It is easily 
if'cogiiised, ai^d a xook suspected to contain metallic mercury 
niiiy bo tested by simply heating it as described above, but 
without the addition of carbonate of soda. 

Cinnabar Deposits. — Cinnabar occurs in the Palatinate 
lodes, and impregnations which have penetrated from the lodes^ 
in strata of Carboniferous age, and in the eruptive rocks which 
tniverse them^^ — viz., porphyry, njoJaphyre, and amygdaloid* 
These deposits are nearly exhausted. 

At Idria, Austria, cinnabar is found in impregnated beds 
aiid stockworks in bituminous .shales, dolomitic sandstones, and 
limestone breccias of 'rria.ssic age. dipping to 40^, and 
covered by Carboniferous saiuKtoiios and .sh.iles in a reversed 
position. This dofiosit has bcjcn worked for nearly 400 j^ears^ 
and is said to become richer as the drpth increases. 

The quicksilver deposits at Alinaden, in Spain, have been 
mined still longer, for in the time of Pliny 10,000 lbs. were 
sent annually to Kome from thest', mines. They occur in upper 
Silurian slates, sometimes int(?r.st rati tied with bods of lime- 
sstono ; but rarely in the or<iinary sh\tc.s, which are much 
contorted. The enclosing rock usually consists of black car- 
bonaceous slates and quartzites alternating with schists and 
line-grained sandstones. 

These 'bed-like deposits incline, near the surface, at an angle 
of about 65®, and then dip almost vertically. They consist 
principally of quartz with either granular or compact cinnabar, 
which permeates the mass generally, and is concentrated in. 
pockets aAd bunche.s; while the clefts and cavities by whicli 
the deposit is traversed often contain native mercury. Veins 
of cinnabar oegur in the neigh>)ourhoo(l and also eruptive rocks, 
diorites, with wliich the doj>osit seems to have some relation. 

At Monte Amiata, in Italy, cinnabar deposits are associated-, 
with munmulitic limestone which, in that, district, rests ! 

formably on Cretaiceous rocks. The cinnabar occurs in veiii9^ 
of calcite, which intersect a tine-grained argillaceous limeatonq ; 
it also permeates the clays along lines of fault. It is more 
plentiful at the upper and lower surfaces of the nummT;^itie 
limestone thati^ efeewhere, but has a widespread surface distri- 
bution. A large quantity of mercury is extracted annually;. 

I'he .iincksilver-bearing belt of California extends along the 



160 


PUOSPECTING FOR MINERALS. 


cOiOst range for distance of r about 300 miles. Thoir general 
mode of occurrence is thus described in a report by Mf-G. Kollatid 
(Ann. ties Mines). * . ' / 

** These deposits are generally iinpregnatiohs in tlie Cretaceous 
and Tertiary formations ; they seem to be richer when the beds 
are ipore schistose and transmuted ; they are mor^ or less closely 
in relation with serpentines which are themselres sometimes 
iinpregnated. The cinnabar is mostly found in talcose and 
clay schists, ofren deeumposed and impregnated with oxide of 
iron, son)etinies in tjuartzose schists, in sandstones, more rarely 
in limestone rocks, limestone breccias, etc. Native mercury is 
found in some magnesian rocks near the surface. There are 
no defined tissures nor veins proper. The cinnabar with quartz, 
pyrites, and bitumiuons substances is sometimes dissennnated 
in the rock in fine pirticios and spots, sometimes forms corta'u 
kinds of stock works or rcticulited veins and nests. The parks 
thus impregnated congregate and form rich zones, the size of 
which occasionally roach 80 fatlioins, and the percentage 35 per 
cent., and flat like veins or lentieuhir deposits, the strike and 
dip of which agree with those ot the schists of the country 
generally. Those rich zones without defined limits gradually 
morge into poor stuff containing half a unit per cent., or mere 
.rraces, and are of no value/* 

Sulphur Bank, one of the principal mines, was originally 
worked as a sulphur deposit. .Sulpliur in workable quantities 
is known to exist in '<oine \olcanic countries, and volcanic rocks 
are abundant at bhe r/iiifornian cinnabar mines. 

The author previously queried remarks that a trachytic lava, 
probably of ])ost- Eocene ago (Tertiary) is quarried for the 
cinnabar with wdiich it i.s impregnated, and adds : — “ Some 
geyserites (siliceous deposits from geysers) and some modern 
deposits, calcareous or siliccou.s, of concretionary ‘ form, and 
profluced by old ijydro thermal springs, are coloured by cinnabar. 
jLastly, there arc actually gcyser.s and hot springs which deposit 
emnabar.*' 

, He quotes the Steamboat Springs, Nevada ; the Iceland 
Geyser ; the Oliaeawai Springs in New Zea1a^d ; and the 
Bdlfatara of Puzzuoli, near Naples. At thoc. Steamboat Springs 
the percsentage, though very low, is not so low as to be neglected, 
and a deposit of cinnabar which is boinjg worked, and is, at the 
sandfe time, in process of formation, can' be seen there. 

In a very interesting paper published in 7*ransactions of 
the Institution of Mining wtvd vol. iv.,^r. James Mao- 

taar says, in speaking of the Mexican deposits, *‘It wmdd seem 
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as if the general *line of ^ ;^iitiniied 

through tlte Mexican 

be another'liiie o£: e:M^h|ilug in a, diveotioii 

and south-west.*’ /Ho^lso sayn, is found that there 
considerable to \be met with both as regarda-tlb# 

character of the qmci;silVer deposits themselves and the na^re 
of the associated rocks; but it is abundantly clear that. the 
deposits have in all pases resulted from the actioii of mineral' 
springs. Ther^ scarcely be a doubt that these were hot 
springs similar in character to those now in action in California 
and New Zeal^d.** 

In Queensland^ at Kilkivan, near (lyrnpie, cinnabar occurs in 
lodes of calcite/ and sometimes of calcite and quartz. These 
have not been worked yet on an industrial scale, so that little 
can be said of their extent in depth ; but it may be concluded 
from the few known occurrences in the world that quicksilver is, 
of all ores, the most likely to iinj)regnate large belts of country. 

(.’iniiabar has been found in alluvial deposits in Xew South 
Wales, and also at Waipori, in New Zealand ; in the latter plaji^ 
it occurs as I’olled fragments in the wash. 

One of the 'most interesting localities in New South Wales is 
on the Oudgegong River, near Hylstone, and has been described 
by tlfi? late Mjr. C. S. Wilkinson as follows : — “ Perhaps the mo^t, 
important feainre connected with the occurrence of the ore is^hat, 
the solid cinnabar is sometimes seen to grafliially merge into^.dr ■ 
impregnate, the clay or drift of the deposit in which it is found. 
Tills is, then, direct evidence that it has not been drifted by. 
ninningVatcr, like tho water-worn pebbles and other material 
forming the old tertiary lead ; but that it has probably been de- 
rived from thermal waters which issued from the underlying 
Devonian rocks, and permeated iht? tertiary deposit.” 

.Deposit^ are traced by the occurrence of red grains of cinna- 
bar in alluvia; these cannot be confounded with red hse'matite 
nor red oxide of copper if the blowpipe is used. As to the. ' 
appearance of tho ore, it is very variable, and it will be useful 
to ^quotc the varieties of colour it assumes aU Idris, and 
names by which the different classes are distinguished by. tjftax 
miners there, 

Stahlerz (stepl ore) contains 75 per cent, of mercury, 
occurs in a compact or finei»granular form. 

Lebererss (liver ore) w compact and lustrous, uauall^&i^i^ 

nests in the 'atahlarz^ '-‘‘'v ' ;; 

Ziogel^z (brick ore) is ' sandy, granular; and of f 

colour. ■* 

. • H ' 
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la all the aboVomeatioacct deposits, cinnabar is found in 
ooaaeotiba with rocks itopregnam WiA carbonacybus or bi- 
tuminous matter, and in every case where deposits( have been 
worked upon an extensive scale, there ie "evidence of groat 
volcanic disturbances, which have aj^parently been the cause 
of the deposition (iuriiig the solfatara stage of eruption. 

ABnlial Produeo of Mercury.- -The annual output of mer- 
cury for the world is stated to ho about 100,000 flasks ot 
76*§ lbs. each, and {Spain ]>ro«luoes about one-?mtf of this. 

iPayable Grades.— To gno some idea of the grade of ore 
that is payaljle, it nuij" be nioniioned that the New Almadon 
mine paid 8257. 478 in dividends on mining 22,615 tons of ore 
yielding 2 02 per cent . and ?53,fl \ 1 on mining 25,584 tons of 
ore yielding 1*22 per cent, of mercury, but, of course, tin' condi 
tions vary in i^vcry <Hff( u nt loo dity. At the Oomacchino min 
in Italy, where labour is very oIum]), a substantial profit is made 
by treating ore which only contains 0*5 pef cent, of meieury. 
The average price of <jiiicksilv( r is about .£6, 10s, per flask, but 
is now quoted at about £8, 15s. per fiask. 
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CTIArTEft XIIL 

i OPPEB. 

Tub minerals and ores of copper are genially easy to recognise 
in'<jfen8e^eu(ie of their very conspic'ao\ts colouwj they arc alsa 
the most commonly known, both for the aboyc reaton and also 
on account of their frequent occurrence,* ^ 

GoBjSral Obiaraetera of Ooppor Ores,*— AU c<ipp«f minerals, 
wuh Carbonate of soda on charcoal, yield btfore the blowpipe a 
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lufnc 1(1 they giy^ a green solution, which becotnes 
VI lien inimonia U added, and metallic copper will be depoitji^?e 4 
on iron 111 A liijinc acid solution. 

Classification of Copper Ores.— They may be sulxftvided 
into ^hos( uics in which copper is m combination with sulphur,. 
*us^iiic, 01 antimony alone, and those which sro omdised ; theSe 
<ii( ch^silitd m thntwo followin" tables — 
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CompoBition. 

Copper 

Hard* 

Speoifte 

Cold«t and 

Remarks. 

MhW^V, ■ - 

per 

cent. 

ness. 

dfavltr. 

Stiinsak ( 



Oxide 

SO 

3 

6-2 

Black. 

*■ ( ' 

Usually earthy, 
soiling the fin* 


Oxide 

88 

3-5-4 

6 

Cochmeal* 

red/ 

cera. 

Often covered 
with malachite. 

• \ , V' 





streak , 
brown 


(jfhAlcanthite, 

Sulphate, 

25 

2-5 

2-2 

Bine 

Crusts and 
prisms ; soKihle 

’ 






in water. 

A7.nrifce, 

Carbonate 

55 

3-5-4 

3-8 

Azureblue 

t' 

Often in radiated 
crystallieed 







concretions. 

MalA<ihite, . 

Carbonate 

57-5 

3-5-4 

4 

Emerald 

green 

Often mammil- 
latcd and tib- 






roua. 

Ltbc . 

Phosphate 

58 

4 

3-8 

if 

P 

.Small crystals, 
surface dark. 





greenith' 

* 

Afcacfiniiti, . 

Oxychloride 

44-5 

3 3-5 

3-7 

yellow 
Bark olive 
green 

Crystallised, fib* 
rous, or gran- 






ular. . 

AMeniates of 


50-60 

3-4 

3-5-4-2 

Green 

SojnetiraeB crys- 
tallised. 

co^jer, 
Chrysocolla, . 

Silicate 

37 

2-3 

2*2 

Green or 
bluish. 

Crusts and coat* 
ings. 

Dioptre, 

Silicate 

40 

5 

3-3 

Emerald 
green ' 

Crystalliesd ; 
;<;taTc. 


''.jffttivo copper, in the celebrated csopper r^pon of Lake 
-MiSerior, in North America, forms tlio regular w of the mines. 

wcurs in grains of all sizes, and occasionally in:liuge masses 
•'.^bVer a hundred tons in -weight, in beds of.W^toojeratc, alter- 

drervB nearly all the copper while 

S earl^natem in crysteUl. .I'TP"!'';; 

StoSiS the. «UT^ fo/wjd .»y ^ <J«9omFsit.on of 

cc«ip0t py Bnd csopp^- , , u i. 

Copper also. oiscdisV^tnbined with sulphur as bornite or 
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purple copper ore; tod te.tra- 

hedrite or _ grey 
by rites, b?*ing more 

the principal iiiataiice, 

I’ascany, grey copip^r^m IS^mauy and copper glancb. 
and New ZeaJanaJ: ‘ 'v 

The carbonates aire accompanied near the surfa<^ b^ o^i* 
oxidised ores, sucti';as cuprite or red oxide of copper, melabo^;itO 
or black oxide;:of 'popper, as well as the phosphates, ars^i&t^, ' 
silicates, and oxychloride. Of these, cuprite and melaconite are^ 
the most impot^‘nt| and sometimes form the permanent* 
mines to a considerable depth. , . 

Tliese oxidised surface ores are usually mixed with hydroiis 
oxide of iron or gossan forming the cap of the lode. ^ ' 

^ To understand the occurrence of gossan in the upper patte;Of ' 
a lode, it must be borne in mind that copper pyrites and purple 
ore are sulphides of copper and iron The surface waters which 
percolate through •the rocks remove the sulphur and coppCTv ^v 
sulphate of copper, leaving the iron in the form of a inore i^r 
less spongy and honey-combed mass, which is called ‘'gossshf*? . 
It is consequcutly easy to anticipate from the nature of a gossak; 
if the ore lying below is likely to be a rich compact copper 
or whether it is mostly composed of iron pyrites carry in^K^!ii|uV 
or no copper. In the first instance the large percentage’ 
copper which has been removed must have left the ^roh ^^-3^J^^ 
very ])orous condition; while in the latter the gossan 
geriaiij^lly be more compact. C I . 

Oop]^?jr pyrites is not generally found pure immediately 
the gossan, but a richer ore, commonly called “black ore,” wKich' 
has no special mineralogical name, is first met with. It is . 

and earthy, like manganese or black copper ore, but, if bromn, ^ 
nests of popper pyrites will generally be found in the centre, \ 
and the oria passes from black to yellow through intermediate 
shades of briiUze< . , - 

What is called “ peacock ore ” is only copper pyrites 
with oxide and exhibiting iridescent coloui’s. By 
piftce of eJeah , yellow copper pyrites in water for some 
will become edatej^ in this way. , J 

The easy decomposition of copper ore under the 
the atmosphbrp^^explains why the waters at some 
are quite unfi£ to dritih? itls well known that ^pl^a^j^Ppd 
for a time iri' oyi workings becom covered 
metallic coppe?, as if they^^f^d been left u bath . 

copper. 
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Native 'copper i]p ,^pper.tod^ :ir product of decomposi- 

tioxi.(tf^;inilp,bid^ ajid-is;of^B & wheiv deposited 

^roBV^^ cryitals, whep 

depD«$|^}xtL;W)Efd^^ clay. ' ' • . 

for Copper Ores. — The varioi# copper minerals 
in the tables may be distinj^islbi^, in^ the following 
ra^u^r, bead of copper having first been obtained from tlie 
^pe.^mien before the blowpipe : — 

. “ . Bead of Copper contains Iron, ano ^ therefore 
' attracted by the Magnet. 

Colour of mineral, gold-yellow; sometimes iridescent on 
.^Hpface. Copper pyrites, 

\ [h. 'Colour, black on surface ; fracture shows the colour of 

. -eopper pyrites in tlie interior. Black ore. ' 

' Colour, violet or betw’een copper-red and reddisli-brown. 
Srubeseite. „ 

d. Colour, steel or Iqad-grey, or iron-black. 

Grey Copper* before the blowpipe, yields abundant fomcK of antimony. 
Stdphur is »ways pro;;cut, and arsenic is soirietimcs detected. 

Tenuantite.-''Odour of garlic due to arsenic is prominent, and sulphur 
also present. 

Bead of Copper is not attracted by Tttsi lilkoNET. 

' ' ' ' . . ■ ' 

, . 1 ^ Lustre metallic, scmi-metallic, or resinous. 

! a. ‘Colour, indigo blue ; lustre, not quite rnetallio 5 more nearly 
resinous when crystallised, and resinous or dull when m"'''’ve. 
doyellite or indigo coppor. ^ 

6. Colour, iron or steel-grey ; lustre, metallic. 

Redruthlte, before blowpipe, is very fusible, and yiel^a tmell of sub 
phuJP. ' , 

. BOUPHOnite is easily fusible, and emits white fumes due ^^ijptimony. 
H^eonite is infusible. 

non-metal lie, 

; ;. 5 (?./Odlour, black ; (lartliy, soils the fingers. HftlapOSlite. 
;Aj.,/CM<>ur, cochineal red; dust, brown-red. 

, yC^^^^lour, blue ; soluble in water. ChalcaiitJIU^, ^ ' 

. blue or green ; insoluble in wa^j^J % ' ^ - ‘ 

which is blue, and malachite, gi^eto;. 1^^ and their 
powfti^iiiolnl^e in acids with effervescence^ ^ 

US^mepIt^^taeamlte, and^ArsenlWi^ of Com green, 

fuBibJ^^iptiia spfimte in aeids ^thout effetres^ce* « colours 
the^fiamev ilubiitiMQeo, Huer cmd emit smell of 

garlidbefdrcthobloWpjW*. 

ChiyscwUa »hd infimiblti. . 
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ChalcopyrUe, tr *ith 

iron pyrites, which 
Ue mistaken for 


Ue mistaken for 

nor for stanmne^ya^W'cc5pj^^.^''0reror 

Stannine^ alth0U^\;'^^^e£iiia^ 

and copper pyrit!e5:%}^ iron pyrites 

easily cut by W. and crushed to powder with a hawo;^: 


while iron pmi^.^; lUuch harder, scratches glass easily,; sUa 
strikes fire wiW s|feel.' Iron pyrites, in consequence of sui^aiii^ 
dcicompositioiV'i^^etimes exhibits the variegated colours pf the 
so-called peacqc^ ore, and is likely to be mistaken for it iU' 
state if not tested with the knife. It is always advisabl^ii-W 
examine the* colour in a freshly-broken specimen, wht^ jiljiiQ 
yellow colour of copper pyrites is characteristic. ^ 

• Grey copper^ including tennantiie. and enargite (which are Only 
varietics)Ai*e not so easy to distinguish, their steel grey colpjar 
being sirnnaf to that of many other minerals. > 

When cryatalliled they sometimes resemble zincblende, ' bjut; 
this last mineral gives a white dust when scratched, and/^ 
infusible. More complicated crystals are liable to be. obihr. 
founded, at firat glance, with luematite or specular iron, a^ool? 
cal cobalt, ap.d grey cobalt, both of which latter contain 
and with silvOT glance or argontite. ^ "^4?*: 

When massive, the analogies with other minerals 
more numerous. Grey copper and its varieties may be 
taken for iuagn<)t<ic iron, chrome iron, mispickel, gersdorfi)|^| 
Rtilwsrj^. tho cobalt ores mentioned above, argentite, 
ruthite.^ . . 


The iron tod chrome ores are much Ijarder than grey cOpppr^ 
and are mOrpOyer infusible. The nickel and cobalt ores are yery. 
heavy ,* wh|0|i^;;,i^ sufheient to distinguish them; besides which, 
they will^^^^ognised by means of the borax bead. Mispickel 
is silver and when struck with a hammer smells of garlic; 

while the l§jh1><?olourcd varieties of grey copper, which, might 
be mistake for it, do not contain arsenic. Stibnite is fcsible! 
wljen bropgEilf near , the flame of a candle, and volatile 
heated befqf^ t^ejblowpipe. Sulphides of copper and 
are sectile <U9^lleable, while grey copper is brittle ; 
which, the 'Uulili^ps smell of 8uli)hur when heated 
blowpipe, #hffe white fumes due: to 

likely ; 

necmaryj^'iiiitinguj^ ’■ 

will be obtained from bourpomfe. prismUtifiM^fS^ji^ 
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\ V- ' J ^ ; 

of bournonite are longiiudinaUy sinai^, they ifiBsemble stibnite 
aRd.the<pri8iMti0Raangaue$e oxide»^:i:^.)^e^m ores are 

inl^aibl^^an^ volatilises eAtii?^)^? before the blowpipe. 

A reii^y test fc^ bournonite is its fract^te^^which is perfectly 
conchoidal and shining. V 

ores of copper, which do not possesiSra'bietallic lustre, will 
bi6 easily distinguished from other minerals of similar appearance 
by the following characters : — 

'Cuprite, when crystallised, might be mlstaji^eid for ziucblende 
ot other minerals of the same form, such as magnetite. It will, 
howevers be readily distinguished by its , red streak. When 
lamellar it might be mistaken for red silver ; ]>ut .this mineral 
gives abundant antimony fumes before the blowpipe. Cinnabar, 
which is also red, will entirely volatilise before the blowpipe ; 
besides which, the difference in sp#'cific gravity is apprcciabl«, 
that of cinnabar being 8, and of cuprite 6. Cuprite will also 
give 'the green flame due to copper. ^ 

Bloch Oxide of Copper will be distinguished from black earthy 
manganese and cobalt wad by the borax bead in the oxidising 
dame, which is violet with manganese, and d^p blue wlien 
cobalt is present; while copper alone gives a bead which is 
green when hot, and pale blue or greenisli-bluo cold. 

A^Ufite will bo distinguished from lapis lazuli' and Tivianite, 
when earthy, by being soluble in acids with * effervescence. 
When crystallised, azurite does not resemble any other mineral. 

Malachite will also be distinguirthed from Other green minerals, 
which /re numerous, by being soluble with effervesf ^ in 

acids. The minerals likely to be mistaken for ^malachite aro 
some arseniates and phosphates of copper and atacamite amongst 
the ^pper ores and, amongst other minerals^ pyrdiuprpbi to and 
copped uranite. These minerals are all greeny different 

lines, , 

Fyrmnorphite will be readily distingmshed frbnii'^ popper ores 
by its high specific gravity ; besides which it; always 

gj^n, but often yellow isli-greon, yellow, Or Copper 

uranite^ which crystallises in laminae, exhibit^; the larger 
faces j^pearly lustre, and fuses before the blbwpil[]p,^;.tp„a hdackish 
inaas.V 'Th6 arseniates and phosphates of soluble in 

amiROiiia, and the arseniates gi^ before. Ibe 
chart^risti^t^ell of garlic. Atacainj^b.^ivci flame 

chidrsbtemM^f chloride of copper flame 

of aj^ddl^ It not ;being^iiiie<iisi0i^ ;to the 

mii&Wal' with anid. , ' 1 k 

. ‘ Coppor. Ore Oepodiit^^CbppeT occurs in various kinds of 
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rock in lodes ofVeiy difficult to 

determ incithe , age 

Or sedimentary'Bt»%3^ilj^|k«y;.'j^ 4«ert4s%0y^i#^||m^ 
are not traversed,‘;|^^«i.-^i^'apd of which the.age 
but some coppet’dipc^jt^ have been formed in very .recent 
Where coppei jpi%^;^nifs in beds or impregnations it 
follow that the oire has in all oases been deposited at the i we' 
time as the bed ^lb Vhich it is found. In Oormanyi ' 

near Mansfelof, -tli^re is a typical instance which leaves liitl©*' 
doubt that the dre^waa formed at the time of deposition of 
strata or during^j^a Permian period, the formation being hnCfwn 
as the ‘‘copper slate.” The average composition of the difo is 
constant over a Targe area, and the rock contains from.3!^f0 s? 
per cent, of copper with a small proportion of silver ,je^nd^ 
^old which, piake it payable to work with cheap labouif. aiM 
fuel. , 


Copper ores oepur in true fissure lodes, in crystalline sbliiata' 
and in rocks of all ages, and are also common in eruf»tive roelcSy 
especially porphyry, nielaphyre, and •‘Crpentine ; and in i^ir- ^ 
meutary strata from the Cambrian period to Tertiary times*/. - « 
Copper very frequently occurs in contact deposits; wheire thi^ ' 
is the case it fi|^ b^«n segregated from the eruptive rock^,:6fitbsr< . 
diorite, gabbro, or serpentine, and lies either at the juncfcldn of 
one of tli^se rocks with fedimentary strata or at the junctic^^ : 
two eruptive rocks of different ages. A well-known instaU;0$.iftf;* 
a copper-bearing contact deposit is that of Monte Oatinij.‘:|n;/ 
TiTOiw^, where tb« rock wluck carries the copper is terpebtinev 
The ore in deposits of' this sort occurs in rounded irr^uW^ 
masses, and, the featured of the lodes are of a very vanablo^. 


cJjaracter*'^ iSv , v v\ 

It sho^d b^:^rtio in mind, especially when exploring^a •pe’iv , 
country, ^thit ;C,Ojppef ' is frequently associated with rocks,bf. 
dark colou?^ .which, are very often green ; but it must not bo 
supposed thaiihn colour is imimrted by copper, for it is generally /; 
due cither other metal, such as iron, or to the 
ota greets nbbr^¥^et'alUc mineral, such as chlorite. 

Serpentib^'gnd b^rnbl^ rocks are often associated^^^^J 
copper serpentines owb their colour. 

nickel, ' pr, -;<^ 0 !b.ium and copper is found dii5afeujm^%^'> 
through jaoBfe of th^n^ Is the ex;ccption, and, not 
unless 

nickel frequently 'i '' ' 

Hornblendic rocks are^ jgreenPgr#y^'^.:bla^^ aa 
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actinolitet ( which greeR) ot hornblende (which ih 

black) occur in tlictn, Acknolito in 'of frequent occurreme in 
some tod bleck hornblende in and other dai^k 

coloured Todrs which are associated with Oopper ores. 

Other green minerals enter into the (Malposition of some 
rocksi ei^peoially gabbros, so it may be dearly understood that 
the green colour of rooks is seldom due to the presence of copper , 
and although green rocks are frequently associated with copper 
oreSj they are not always to bf* looked on as^dications of the 
occvtrrence of dejiosits uf ihis metal. 

Wear Wallaroo, the most reputed mines of South Australia, 
hornblonde is of frequent otcuriem e in the rOoks of the countiy, 
wrbich are mic«a ana tak schists, the nearest ridge being com- 
posed of syenite 

In New CaledoniA the copper region occupies both flanks of«i 
mica schist range in wlinli hornblende is very common, and 
occurs assocMlod with gaiiiots, chlorite, and white and green 
micas ; and throii<:h th< so rooks sorpentiiio pVotrudes at places, 
especially m the \ u iiutN (»t t hc^ < opper deposits. The mam deposit 
which has been worked <ojisisttd of several pargillel shoots or 
pipes of ore enveloped lu foldings of the schists. 

Serpentine occurs m seveial parts of Australia vbore copj>er 
also known, and also in New Ze<dand ; but, altheugh serpen- 
tine is frequently dissociated with metals, and especiayy copper, 
it does not follow th< i itic ilwa^rs accompanied tv such deposits, 
in feet the serpentims of the' Lizaid in Cornwall, although in a 
oopper-beaniig distnct, art devoid of copper orei$ them,’’ 
besides which, although conta< t deposits are generally numerous 
where they occur, they aie seldom of great importance, and arc 
retry irregular. 

Australia is wondertully rich in copper. It is sufficient to 
inontion Wallaroo m South Australia, Peak l>OVi{iui knd Glun- 
•onrry in Queensland, Cobar and Nymagee in NewjSoU:^ Wales, 
and Mount Lyell m T«asii*<inia. v 

Cbpper ores gtneially occur with quartz as tongue^ hut 
occasionally somf* oilier mmerah, such as lluoreiW, mrytes, and 
esafoite, are found in itssoual ion with them. 

Tlia 01*66 of copper, or indeed of any m(^Ul,n;ti 9 ,alt|t^ys associ- 
ated with other ores in greater or Jess quahtt^l^ but those 
veins in wMcfa there is the least variety are the most 

valuable, sin^tbey are pipre their 

niefeUiirgieallreatment i% m(a*e jdmi^K \ ' * ' ’ 

Copper ores, espeefeUy ^ey ^pd mela- 

conite occasionally contam suver and {^Id. At JLake »Suporior 
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native copper often coiitaife® of pure silver enclosed in 

the mass copper elided it. 

. lion pyrites some^meerWlftninE oqpp^ «ti themteO^^fev 
units per cent , as in CWititrali and at Huelva ik %aJn, 
some extensive deposits ot pyntes are worked fct sulpkt|r%t 
acid and yiel^ Lot 2 per cent of copper, with a very emkll 
propoition of silver and gold, but still sufficient to git0jti 
leasonalile profits POor copper ores or cupriferous t^iz^s^ 
A^hon 111 sufficient^ quantities and when suitable materiais are 
at band, can be woriced very cheaply by one of the many Wiat 
pi ocessps known. 

Yellow copper oi*e is seldom pure co])per pyrites,. but is gener- 
al Iv mixed with inore or less iron p;yiiies so that an asiefa/ is 
always necessary to determine the value of an ora It is often 
t{ie (as(‘ that a picked specimen oi aj)parently pure chalcopyrite 
mixed with a small quantity of quail/ will yield about 2§ per 
cent of copper, or even less, instead of over 33 per cent , which 
it should do thcoi^tically. This low i etui n is not due to the 
presence of <][uavU alone, but to an adinixtme of non pyntes;, 
and it IS seldom the case that a conccntiatt d p>ritous ore yields 
more than 15 per cent, of coppei on an aveiago in a lar^ 
consignment ^ 


CHAPTER XI Y 

Tin — ^Titanium— Tungsten— Molybdenum. 

T I N 

Oassiterito oxide of tin is the oni» ore this metal, although 
another mineral,, Stannine, containins^ tin. coppei, and sulphur 
IS known. Stannine is not sufficiently abundant, however, to be 
of inuch importance, and, although it has been found in lodes pf 
some sue in Cori^wall, it is sold as an ore ot copper aud not o£ 
tin. 

Tinstone stgnuB nearly t>y itseu in its mode ot occurrence 
formation, as a type of a a&^ngly madeed class of depoaitji. *^"3^ 
IS always ossqciated wltih g^nitic rocks, quarta-n 
gneiss, all of whicJi aiMd<3igou$ composition*^ „„ 

silica, wh^ crystallises as qmM^andbe^hg called in cons^^ 

** acidic *’ rocks. Tin lodes are nearly aU. ^ great antiquity and 
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c»ccur onl^ in tho^ p^'^et^bove^nairiod rocks which are charac- 
tensciUbj, ]>reWqe of ^hl only in two or three 

pI^Q$ .in thWVwM, liofcifely that granites of 

thi^;|y|ii|c»^: hav^ .beon enipted times, and they 

<k>ntaixi .tix|H^m: small quantity, as well^ia some of the minerals 
usually ssi^iated with it, such as tourmalin^e, l^hia mica, and 
eih6ml<t%/. ' 

< ; w^thoiigh this fact is of no immediate jprs^tipal value, it is 
important, because it shows that there reaUy are laws which 
. gbypjm t)he distribution of minerals, although tliese are sometimes 
ypry obscure ; but by constant observation it; is certain that, 
amongst discoveries of merely scientific interest, laws capable 
' 1^«|)ractical application will occasionally be fouled. 

; /Tinstone is always associated with quarte ahd rarely occurs 
in green rocks, unless their colour be due to chlorite ; nor i,n 
dark coloured rocks, except where stained red by the decom- 
position of forriiginous minerals ; neither is it found in lime- 
stone. . 

Those granites which are characterised by abundance of white 
mica have, with good reason, been termed ** tin granites,*’ and a 
coarsO-grained rock composed of granular quartz mixed with 
white mica, and called “ greisen,** occurs in all tho tin Helds of 
the wptld — e,g,^ Cornwall, Germany, and Australia. 

The, minerals most commonly associated with tih'-^yiz., topaz, 
inici^ tiurmaline, i'luoi\spar, apatite, and other rarer minerals 
Ophiaining fluorine — seem to show that it was originally contained 
in the granite as Haoridc of tin, and that the associated n^^fvc^ls 
have^ been formed at its expense. It is an establisliefifact in 
the genesis of minerals that fluorine is always accompanied by 
. silicon and boron; it is therefore natural to find silicates coii- 
tainixig boric acid, such as tourmaline and axinite^' ipi association 
.with tin. Other minerals which frequently a<^ns^any this 
metal are wolfram, molybdenite, mispickel, garnehi teryl, ic. 

appears to have been brought to the surfaep disseminated 
through the granite in whicli it occurs; and hap Subsequently 
; in all the cracks and the rock, 

foirt^g in many cases a perfect net^vork known as 

; the best known instance .of deposit 

beitf^ih the Erzgebirge Eange in SaT[|pttyy:^ ^Atr|l® the 

is '^concentrated in a number pf'burippi !^i0^htri zones, 
whip|)/fi;>r .a,t^^ 1 with tin, 

8oS^l^f5;;&e'i^fdlp\pf extrac- 

tiott^of ilie brk' s Th^' t&nid are greisen 

impregnated with^ tihi^tohe^' and they fekvo been 



frequently dispfaced which 

reach the r.urface. ■ c^', '"v " 

* The tinstone 


The tinstone in^ 


contemporaneoua||*^r^i%|h>^ in Which 'ft 

the greisen ftseUlHT'^ptn]^ n' grsknite altered : in.: 
being formed at of aluminous silicate, i ' 

The stock workfai Qey^r cdh of a mass of grahitf in 
schists, traversed hy htitnerous tin lodes, from which theses 
and other miharMs have penetrated into the joints of /the' 
granite. The sail^e veins extend into the surrounding Arnica 
schist, but there they appear to contain less ore. Oonslaerkble 
confusion exists in the use of the term stock work, and 90 pie 
foregoing instancy are given in illustration of this cliki^' <)f 'dnr 
posit, but in the chapter on Irregular Deposits” the diflhtent^ 


aharacters have already been described. : ' ^ 

The Altenberg deposit consists of a rock called “stockworfc 
porphyry,” or “:^witter rock,” and is tin-bearing thronghd^; 
but the ore is so' finely disseminated as to be hardly perceptih}ei; 
and in such small quantities that often one-third to one-l^alf 
per cent, only can be produced from it. The rock is a flrije- 
grained greisenVand the term of porj>hyry is very inapprcmrj[i^. 
It merges gradually into the surrounding country, which & . 

posed of granite, chloritic granite, porphyry, and quarts 
phyry, no clear line of demarcation existing. The rook ft .da^fc; ' 
coloured, sometimes almost black, and consists of quarts,, mliftiV' . 
chlorite, tinstone, &c., and pyrites is disseminated through, ft Hi’': 
nfflilit^iparticlfes ; but the quartz alone can be distinctly ^ 

nised; it frequently occurs as grains without crystalline st^uc^ 
ture. Molybdenite, bismuth glance, copper pyrites, iron pyftto,' 
fluorspar^, topar, &c., also occur, and the rock is travers^- by, 
numerous; quartz veins. \ ^ 

Tin ow bfteh occurs disseminated through a rock in which th-e 
boundaries of the stanniferous deposit are not well marked, and 
two classes bf these deposits may be distinguished. 

1st. Disseminations or impregnations formed at the same 
a» the rocks ft ivhich they occur. . ^ ) J .;;v 

2nd, Impregilations in which the ore has been int]X>ducejij|^^^ 
the mineti^i^A^S, which charged the lodes, traversShgjJ^b 
rocks. ■< ^ 

This last?, class bf i|pfiW|Efiations is well 
stanniTeroift>apels;W)^j^; muy 

are very yarftj:>ll» 

illustrations of their ^ '' 

The ore is found in places as htyftbisiabd cry$tallm€^.^p|(fte8 ; 
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in others, as to be invisible 

to occiirs as minute 

largely in are generally 

the Ip^es of the district; but ihCififC^ in Cornwall 

co|^^r|i^‘i^ .have been known to change ^ i3il/in Uepth, so that 
thi%4i^Tiif:ctonot be looked upon as infallibife 
. Cassiterito. — Cassiterite or tinsWtib' is a mineral 

should be very readily recognisect^Hand yet there is 
p^jl^bly no other ore for which so many different minerals are 
ihii^&en. , Its specific gravity alone, between 6’8 and 7*1 should 
Jb’0:^nfficient to distinguish it from the greater number of minerals 
“-ysjlwch resemble it more or less closely. 

. %yr^^SuMle most closely resembles tinstone in crystalline form and 
' .Eternal appearance, but it is much ligliter ; specific gravity, 4*2‘. 
^rjie streak or powder of rulilo is brown-yelloW, while that of 
tinstone is from ligiit grey to brown. « 

Wby7*am has nearly the same specific gravity as tinstone, 
and so, will be associated v/ith it in the tin diBh> but the streak 
of ■'Wolfram is black or reddish-black, and the h&rdness about 
that of glass, while tinstone is much harder.' *f , 
^imhhnde, commonly called ‘'blackjack,^' is notSeftvier than 
rutile, specific gravity 5 * 3 , and is not so hard as either rutile or 
tinstone, being scratched by a knife. Its streak is yellowish- 
white, to brown, approaching that of rutile, an, d its lustre and 
external appearance arc much like tinstone. "VVheu it conJai^s 
much iron and is black, arnl especially when found, in ^fluvial 
it resembles tinstone, but will bo easily separated from it 
in thu\m dish, or recognised by blowpipe tests. ^ . 

llff any other minerals are at times mistaken for. tinstone, but 
tb^ can he very readily distinguished. , . 

' ySsfwjmfe has about the hardness of glass or lyplficam', but is 
not SO heavy as that mineral. In the tin dish it found 

With^i'ntile, &c., its specific gravity being 4-5; ^ it would 
he separated from tinstone. It also affpr^^.^een bead 

Magnetite, titanic iron, and specul^'ii^n have all 
ah^jlt^yj^O^same specific gravity, and 

yield ;^!lEhagn6tlc bead when heated soda ; 

inagiiwl^'arid titanic iron are , 

V^-ich. ate soRie^os- all 

not at*© 

spinel,vsp^ific'gmvit3^%i^!if^:^ specific g;raVity 3*2 : 

and. it is ouly thehjiwjlc fco bo mistaken 
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for tinstone. Ttu: 
garnet in rhombic d 
b? owpipe j but, 
may be readily re4^ 
to a metallic 



will 


white nor like,' zinpjr 

mony, or '«^hen the fused ma.ss and charjsdil^^ 

"i. ii-iilr L' 1. J dAfl 


scraped offj cru^d~M agate mortar, and washed, 
be separated scales, ' . 

The mode of^pdi^rehce of the different minerals 
afford some gui|d€i\afi to their characters, except of 
they are found &jajltiyial deposits. • 

Casaiterit© '3&(^bsits.— Tinstone, as already mention^^^^ 
essentially a min^r^ of the acidic eruptive rocks, such as ’ 

q'lrartz-porphyry, and greisen; but it also occurs in lodes 
ing crystalline schists, such as gneiss, mica schist, or chlOj^j^ 
schist, and also in clay-slate, or “kiJlas,*' but never at a 
distance than 3 miles from granite. ;vV’^V - 

Wolfram alfla,occurs in lodos, as at the ICast Pool < 

Redruth ; b?lt rutile, zircon, garnet, and tourmaline 
<jccur either disseminated through the rocks or crystallis^^i|j^ 
cavities, Wolfi^ and tourmaline are generally found 
bearing rocks> ;bht spinel (plconaste), chromite, and titanio^ijr^^. 
are generally associated with basic rocks of dark colour^ 
a.s serpentine, basalts, &c., and are, therefore, less likely 
mistaken for tinstone. Magnetite occurs in considerable 
in ^;/;aUine sphists, hornblende schists, and serpentines 
is also disseminated as grains through many eruptive 
such as basalfe'j but it is chiefly associated with chlorite. . 

ITiematite fefpund in rocks of all ages and of every dcscrip^b^^:;;' 
Lastly, zincblebde occurs in lodes, especially with quatti 
taining ^c. '/ * 

In alluvial depb^dtf tin occurs, under the same conditibast.^^; 
gold, in rive^'SeSs of various age, which are sometimes coVciS^dV 
by flows of b^SB0[t.‘;\Somo leads are worked under the ba^K |o^ 
tho northej^ii: South Wales, and are knbW^IV^' 

“deep leadt^*<I^C^w Its the sbnilar auriferous depositsi|^i^|ij 

n WA 1^0 vr Vin/tAmf vi /w 


those whicla 
and the nil 
on a more a: 

Rolled 

able size, 


sU;|^ drained are rapidly becoming exhisj| 
vi^ill;requ^ 

i-yi. lu lit" a' 




f5« to 


instance, 
is similar to that' of thb .' 
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shows, tbttt somo^ot pockets of ore of 

large size, . ) '*v.- 

Whea tlia.; pTe k d€drii«4J fr<^. concretion lod^s, 

RV^ i^.bOGur m Cornwall and elseSir a radiating 

fitiron^ ap^^rance which makes it i^esemhlp ^^bbd^ in consequence 
of w^^h it is called ** wood tin/ Occasiohall}^ the fragment 
preserves the impi*ession of a crystal of quarts on which it has 
b^b '^ormedi. When the concretionary stritCtiii^e, is marked only 
by> shaall mammillated tubercles, it is terpied ‘^^toad's eye tin ” 
or ‘^'ahot hol’d tin.” 

, .^hen stream tin is coarse, it often preserves its crystalline 
b^imliare, and crystals as much as an inch in length, in which 
in© edges only are rounded, are not very rare^ 

- In alluvial deposits, it may be remarked, tin Ore Las generally 
been separated from its associated sulphides and arsenides. 
Wolfram is the most objectionable of the impurities which are 
mixed with tin, as its high specific gravity renders the separation 
most difficult. * 

Tinstone assumes many different colours and shades — e.y., 
ash-grey, light brown, pink, ruby-red, amber^yell^w, dark brown, 
and black. Its streak, therefore, varies from white to grey. 

Chetoically pure stannic acid being white, tho^e specimens 
whirdi are lightest in shade will be the purest Some specimens 
itetn the Giant’s Den, New- South Wales, are pure white. 

Very dark-coluured varieties generally owe their block shade 
to manganese or iron, w'hich can often be detected by the Idow- 
pipe ; and, more rarely, taiitalic acid is present, also gpinty a 
•dark colour to the ore. ^ 


The Mount Jbschoff deposit of tinstone in Tasmania occurs 
under circumstances which aro quite exceptional. ’ 

Mount Bisclioff rises nearly 3,000 feet above sea-level. 
Within 150 feet from the summit there is a cra^rife^m depres- 
sion of several acres in extent, the sides and bottom of which 
liaVe been composed of a rich tin-bearing detritus, resting on a 
Jbpitom of slate. Tlie depth of the deposit wai nWut 30 feet, 
the rich detritus was comiK)sed of the ©lOmAsts of the rock 
. hind of euritio porphyry whi<^ has d^ih^sed tn 

True lpdos of tin ore have been found hig]| Vi^^ 
tho^ountaim ' V 


el^ire although 


theSci^are 

Vary in their '* 
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Butile reseml)les tin ore in &'p]^rai]Lce, and occurs, sometimes, 
nnder similar geological condition ; but the cil^Btals of rutile are 
4aore needle shaped or columnar^ and thej often penetrate cry- 
stals of quartz or fslspsk ' In quartz reefs rutile often accom- 
panies gold, and is sometimes' associated with chlorite* as also is 
tin ore. It is used for preparing some enamels. 

Octahedrite occurs in elongated octahedrons, sometimes so 
splendent as to he mistaken for diamonds ; and 
Brookite is found in roddish-whlte plates with striated sur- 
faces, and of a bright red colour by transmitted light. 

Tiic mode of occurrence of these two minerals is frequently 
the same as that of rutile, and they also sometimes accompany 
gold. Their lustre is adamantine, and they are likely to attract 
the eye when found in alluvial deposits, in which they are fre- 
quently associated with the diamond. 

Titanic acid is employed for making a yellow colour used in 
painting porcelain, and also for giving the requisite tint to 
artificial teeth. * 


TABLE OF TIN. TITANIUM, TUNGSTEN, AND MOLYBDENUM 
MINERALS. 



Cassiterite, 
S tannine, 


Octahedrite, 

t 

Brovkito, 
Wolfram, ^ 


Schcelite, 


Sn, 0 78 6 7 

S, So, Cu Sii 25 4-44 
Cu29 

Tl, U ... 6-64 


W j 0, F«, 
Mn 


Blackish 

Light- 

brown 

Grey 


Square priams, 
twins. 

Generally luas- 
aiva. 

Priams. , 


4-15 White 


W,0,Ca 


Molybdenite, 


Molybden- Mo^O 
ochre , 

* e 

S, Sulphur ; Hu, Copper; Tin ; 0 , 6 x 5 
Fe, Iron ; Mn, Mangancae ; Ca, 


Grey Splendent octa- 

hedrons. 

White Red atriaied 

platea. 

Brown- Adamantine* 

red, or semi-metallio, 
blackish- black, 
brown 

White OotahedroiisSiid' 

maaaive. 

Lead like Marks paper 

lOta. pkmba- 
89» *a*»J.** 


$ 9V, lltuiium { Iw&gitM i 

ime jt ifo Molvbdenom 

12 


a. ptttmha- 
» *a*»A*‘ 
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^ TuKQsnnr. • 

Wotfiram^ vbich is tbe tungstate of iron and manganese, 
often accompanies tin, native bismuth, and topaz, as alread]^ 
stated. Its specific gravity is nearly the same as tinstone, and 
it is in consequence very troublesome to the^tin miner. Its 
colour is black, and it is generally found in crystals with large 
cleavages, or in lamiuse with a somi-metallic lustre. Tbe thin 
laminse are opaque. 

Wolfram is used in the preparation of ^^itome colours and 
enamels, and enters into the composition of some special kinds 
of steel ; besides which tungstate of soda, which is used as a 
mordant and for fireproofing fabrics, is prepared from it. 

Tungsten may also be used as a substitute for tin in the 
manufacture of purple of (^ahsius. 

Scheolite, which is a tungstate of lime, occurs in irregula'r 
masses in a quartz lode travensiug crystal line schists near thc^ 
head of Lake Wakatipu in New Zealand, and ? Iso near Armidalo 
in Now South Wales. It is white, and very heavy for a white 
mineral, having a specific gravity of 5*9 to 6'L It forms a blue 
bead with microcosmic salt in the reducing fiame. 

Molybdenum. 

Kolybdonito, or sulphide of molybdenum, occurs in New 
South Wales in quartz reefs containing tin and bismuth, and 
worked for the latter metal; it is also frequently met AyiJili. 
fia||:e$ in crystalline mctamorphic rocks. It is uauallj'' accom- 
panied by an earthy yellow coating of molybdic oxide, called 
molybdite. 

Molybdenite is used for the preparation of blhQ carmine for 
colouring porcelain. 

These minerals, wolfram and molybdenite, have been described 
h^ because they are frequently associated with tinstone in its 
niEtaral repositories. 
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OpAPTER XV. 

Zinc— Iron— Klckel — Cobalt— Manganese — ChTOBtintt^ 
Cranium. ’* 

ZlKC. 

• - - -..-.v ./• 

- . , ' j 

Tests. — It has been stated in the chapter on the use" oftthe 
lilovvpipe that altynina moistened with nitrate of cobalt becjbti^ 
blue when heated ; and that under the same circumat^ll^a 
oxide of zinc becomes green. Tlie ores of zinc should be ^ 4^! 
tinguisliecl by this test; but some of them do not give’ a cSfeilr 
green, but only a bluish-green colour ; besides which some 
oxides are also coloured green by tliis treatment. The;1^'s^ 
way, therefore, to ascertain the presence of zinc, is to - 

mineral on charcoal with soda, so as to reduce the zinc, 
immediately it is reduced, volatilises, and is again 
forming a coating on the charcoal. This coating being 
'fsiil u^jiime a sulphur-yellow colour, and become white 
when cool ; the test, with nitrate of cobalt, can then 
on the oxide, and a green colour obtained. / » , 

When oxide of zinc is moistened with a drop of solut^nn:' , 
shellac in spirit, it assumes a marked pink colour withautfdi^ing ^ 
heated, #vhilst, jatumina, under the same circumstances, is 
yellow with a shade of red. This test should be tried witjfel.&i^ . 
two subatances in order to note the different shades of oolodr^ , ^ 
Among, the zinc ores recorded in the table, the carbohiitite.l^l-^ 
silicates only^ate at all difficult to distinguish from each 
The sulphide ; of zinc or zincbl6nde> commonly (^led ^ 
jack,” is easily z;i^gni$ed if treated with hot hydteGhlbriej^^j^t 
)i3 it gives a smsil'^^o r<#en ^gs (sulphuretted ■ 

the same rbswt oah ^\£ ?hVtiamed; with6u^ ,hsiaTO 
quantity of 

on charcoal h^ore. - ' 

with water on a ' 

oxide zincite ia conspiohons by ita in 17017 . 
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The calbonates^aRd:s$iUoate8;/a^^ white/ or tinged with 
brown,, and will be ideivtlfie^^ 

ScRAi^sn nr Calcite, and vRry easw^V bt a Knife— A mof- 
iphbua---B‘ydrous — Effervesces yrith A&d, Zinc Bloom. 

ScRATONsia Calcite and even Ftirbft SpAr^N^t Scratched 
. very easily BY a Knife. 

1. -Effervesces with acid. Calamine (Smithsonite of Dana). 

3J' Does not effervesce ; concretionaiy or crystallised. 
at. Heated in a tube gives off water. Galmei or Electric 
Calamine (Calamine of Dana). . 

ft. Does not give off water when heated. ■ Willemite. 

TABLK OF ZINC ORES. 


Mlmml. 

Composition. 

Per- 
ron tnge 
of Zinc 



StAmk. 

Remarks. 

Calamine, . 

Anhydrous 

carbonate 

52 

5 

D 

... 

Small crystals or 
concretionary. 

Zinc t Joom» . 

Hydrous 

carbonate 

56 

2-2i 

3-7 

Shining 

Amorphous. 

Willemite, « 

Anhydrous 

silicate 

58-5 

H 

4 

... 

Small crystals. 

Gali^ 

1 

Hydrous 

silicate 

1 

1 

54 

5 

3.5 

Orange- 
yellow 
White to 
reddi|dx< 
brown 

Electric and 
pho.sphoreBcent 
wly»^ heiTbtfii — 
crystallised or 
concretionary. 

Zincite, 

Oxide 

SO 

4-4i 

6-6 

Red. 

Zincblende, . 

Sulphide 

66 

3i-.4 

4 

Ordinarily cry- 
stallised or 
massive. 

r 


Zilio/Ores. — Zincite occurs in New Jersey, D;$.A.v associated 
with a mineral called ** franklinite,*’ which is an ^OAide of iron, 
iDahgancse, and zinc. The two minerals are as an ore of 

iron,: the zinc being deposited at the moiith pi the blast furnace 
os oxide, and not interfering witii tb0(produdtw>tifef iron. 

^Lncblendp’OCCdrs in rocha of all agda/and accompanies ores 
ofldiM, i’fc is only when 

a large percentage .of jpi^ent that tips Orf is wonli 

treating for zinc. In where it occurs with galena, it 
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soinctinics forms half of 

from lead and some W ap^cM^. gravity 

Being very low. (wcufe-^^j^lj^tself 

are so. rare be* me^ticlfi^d»‘.,vyii 

Sweden a reraarl^afile'^^^lt^f blende occurs in gheidi^t^^ilxg 
a belt 200 fo^hptbs ‘iiti can be follow^ fpir a 

distance of nearly tWi fiCiUs along its strike. ,The .^C^osed 
deposit of zinc ore’ bos a VCi'y varying thickness, dips at angles 
from 70'’ to 80®, aind consists of a number of lenticular njasaes, 
which sometimes attain a thickness of over 12 fathoms* ' The 


blende, which is black to yellowish in colour, is occasionally 
accompanied T)y . argentiferous galena, but more frequently by 
iron pyrites and magnetic pyrites. The other miiierals found 
are amazon stone, hornblende, talc, chlorite, garnet, bts^k 
tourmaline, and bitumen ; calc spar is rare. 

Blende is frequently found with silver and gold, and is sobie- 
tiiiK's sufliciontly pch in silver to be treated for that metal, as in * 
Pfu’tugal and, again, in New South Wales at Broken Hill. 

Those ores in which zinc occurs as carbonate or silicate ore 
found in peculiar deposits in limestone, and are frequently . 
connected with veins of zincblende. The mineral solutions 
which, in such rocks as slate, have deposited blende or sulphHo 
of zinc ; when in contact with limestone, have decomposed tbab 
rock and formed cavities, in which calamine has been deposited . 
together with the other 


carbonate 


silicates 



ih^mtic-^^ed in the table, 

TIic appended sketch, 
which represents a section 
of the celebrated deposit 
of Moresnet^ near Aix la 

Ohapella, bj ^ Ed«ard measure.; 2. mountain 

1 liens, illustrates the limestone ; 3, qnartz and dolomite; 4j, 

mode of occurrence of schists and grauwacke; 5, calamine; 

these oxidised or^ which 6, zincblende vein, 
bai^e been, and ai^e being, worked in preference to the sul^^hides ' 
which occur in i depth. The carbonates and silicates are 1^ . 
oxidised sui^face (^es'of zio^ as carbonates and silicates of co^pipt- 
are surface orgi of ^pperi ? 


This group iWudes sotne minerals t^hidh, in oonieqhbl^ of 
their abundance, are of great value af9i ores of iron ; and Others 
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which, b^ing rar^, are’bf ^ value. Those of 

imfk>t'^1ice;as iron Hmonite, mag- 

netiicr^wB^ritt^ * 

Ttijr.will l)e easily recogniaedt^l^^^lEi'e/^^^^^ oliaiac- 

ir^Hssxaatite, either pure^ or impure 

and learthy, gives a red dust* when dhdr aubydrou^, 

Groe^ita and limonite both contain Wi^er^and'^vc a broAvn dust 
or's^i^alc. Magnetite will be recognised by being attracted by u, 
xaa^bi^ and even sometimes, in a Compact ii^ass, acting as ii 
magnet ''itself. Sidorite, being a carbonate, will etfervesoi' 
with acid when heated, and resembles calc spar, but is lii^lib 
h^mwn instead of white, 

. ..Bsematite occurs in lodes, but these are not the most impor- 
tant deposits known. Tn the description of stratified and 
Irregular deposits, examples liave been given of the occurrenc* 
of these ores in beds or lenticular masses in stratified rocks 


where they have been dehydrated by mc^tamorphic action, 
haying originally been deposited in the state of liinoiiito or 
hydrous iron ore. Such are the well-known deposit.s of 
Cumberland and Lake Superior. As a rule, hmmatitc is 
associated with (juartz. 

, As deposits of only scientific interest, hmmatite is to be foiuul 
in tic, Brazilian sandstone called itacolumite and in itabirito, 
where it is accompanied by the octahedral variety of hoimalit(\ 

martite/^ and wimre diamonds are also found. It also occa- 
sionally occurs in crystalline rocks, as in granites, and has been 
found in some volcanic rocks of Tertiary agt^, as in the ^•.rater'xiii. 
Vesuvius, 

, Sven when occurring as a valuable ore of iron, red hjcmatite 


is rarely so pure a.s the Cumberland and Lake Superior ore.s. 
but :.is generally mixed with earthy matters, forming ]>eds of 
gr^t extent. Tied ochre is a soft, earthy haematite Aentainiug 
^e clay, and Is used in the manufacture of - 

and Limonite, or brown be con- 

together, the difference between theiif^befu^ only in tin.' 
p^^Ut^e of water they contain. Goethi^ .JS‘ very rarely 
in definite foms, bpt geu^r-aUy/i^i^ur^ in fibrous 
eanci^tidnary or granular masseii;;; kbout 10 per 

cejttjdf m is crystals, 

bu|%shmet^ek^Uun fihr^^ Uoh^i^ioua^^^ often earthy 

■ Jfr;<^4'fa>iD3 from 

IVoeoum in pyrites: or copper 

lodes, '^here it thd* and it is also interesting to 
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note that some Sf these worked fer iron ore 
on the surface 
Where limonite 
it must be 

its metallurgicd"tt?^«^fl^j^B‘,M . ' ' 

Extensive of these ores oecjur^ i^; Siv^jpe, 

where they arer-^ndwli^^^ iron ores. Their perd^^l^e 

of metallic iron is.- Ww*. ftom 25 to 30 per cent., bui ^er ^r;m 
beds sometimes o^r40’1eet in thickness and covering w 
of over 50 miles in extent. ; 

The so-called ‘^bbg iron ores’^ which are sometimes verjr. i^ii 
belong to this gt^up, as also do the ‘‘pisolitic ores ’* wnicb ;<^cnr . 
in pebble-shaped concretions about the size of a pea., ^ -f: ^ 
Magnetite exists in lodes, beds> and segregations, and aw as 
smpregnations in crystalline schists, generally associated 
such minerals as chlorite, hornblende, and garnet, whicl^:\diw 
rich in iron, as wdi as with quartz. Some of these depositi|jSre 
siinllai* in character to the haDinatitc deposits of Cumberland ^ 

In some places magnetite occurs in very extensive dop^ti^ts 
suflicient to affect thO working of the magnetic needlO 
considerable distance. The ore when pure contains 72 per 
of metal, and 13 tho richest ore of iron; but impure magnetites 
also exist inrwhiph the contents of metal is as low as .40 per 
<?ent. ' 

Siderite, or spathic iron, occurs in ]ode.s, beds, and > 

tions. This Ore is nearly alvrays mixed with the isomorp^b'd^ ' 
cirbonate of manganese, diallogite, whicli increases its valuVf6r*>' 
the manufacture of steel. Siderite in lodes often contains. !iL>b . 
pbides, whicli necessitates roasting the ore before smelting ;;but 
wdien deconaposed at the surface it affords a valuable ore com- 
posed of ail oSrthy mixture of iron and manganese oxidj^. 'iree 
from sqjphjhfl . . * 

Another yariety of siderite occurs in lenticular concrOtidn$dr 
disconnected b^s, in the coal measures of Europe ; and, in con- 
sequence of Jits, concretionary or bahded structure, it is call^ , 
sphero-siderite ibr clay band ; and a variety mixed with pB# 
bonaceous matter is known as “ black band ironstone,'’ 
ore often contains phosphorus. V ^ ^ 

Titanic mostly foj^d as sand formed by the demda- 

tionof rocks*of erupt^e^t'qrjigm, which c^ntmn .it aii 
smajl crys^, ^ 

iron crystalli^s in thi ((^lil^fobtly 

occurs in mixtures of no* defoiite winp^tion. It: 
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been alluded to in the forming; part of the so- 

called ^*^blaok saifd,’^ so met' alluvial deposits. 
Titanic iron Js also fouiid iiv yeins '\>rj beds in diorite, as inr 
Norway,^, where crystals occur Weighing' as wiich as 16 lbs. It 
cannot be considered as a valuable pre pf ii^ron^ as the presence 
of tit^ic acid makes it very difficult to Vmeltr altl^ough a small 
quantity is said to improve the quality of steel, 

Vli^nite^ a phosphate of iron, is a mineral of a deep blue 
or gi;(^n. colour. It is found with iron, copper, tin ores, (fee., 
and ia often crystallised in old bones which have been buried 
and partially decomposed in ferruginous soil ; and also in beds of 
..clay: 

Siilphate of Iron, a soluble salt, occurs as a greenish 
effiorescence from the decomposition of iron pyrites. With tine-* 
ture of galls it gives a black colour and is the basis of commont 
ink. 


TABLE OF NATIVE AND OXIDISED HtON ORES. 


AflberaL 

Chemical 

Metal 

per 

cent. 

Hard- 

iieiis. 

Specific 

gravity 

Streak. 

Remarks. 

Native iron, . 

Nearly pure 

... 

4i 

7*78 

... 

Rare— in some 
livvas. 

Meteoric iron, 

Alloyed 
with nickel, 
Ac. 

Ni4 
to 1C 

<4 

7'78 

... 

Extra-terrestrial 

origin. 

Magnetite, . 

Oxide 

72 

6 i 

5 

Black 

Strongly magne- 
tic. 

Titanic iron, . 

Iron and 
titanium 
oxides 

Vari- 

able 

5-6 

4-7-5*3 

Black or 
brown 

Qften occurs as 
sand; slightly 
magnetic. 

Hffiimatite, . 

Anhydrous 

oxide 


5i-H 

5-25 

Cherry* 

red 

^^Qinbohedrio, 
i niahaive or 
'' ,)nicaceou.s. 

Goethit^, . . 

Hydrous 

oxide 

63 

S~6i 

4-3 

1 

Oohreo ' , 
yellow 

Often fibrous or 
ieoDcrotioiiary. 

Lii)i|lpniie> , 

w- ' 4 . 

Do. 

62 

5-5} 

3*6-4 

.Do/;/;: 

;Ab above or 
i -,.^rthy. " 

Siderite, ' , 

Carbonate 

Vari. 

3J-44 

3*8 


Qrystalliaed, 

VhianiM,' . 


able 


. J^ehticular, v^c. 

Phoephato 

.... 

li-2 


Barely crystal- 

Sulphate : * 




>' lised, earthy. 

Sulphate, 

1 ' 

, 4 :. 



Soluble, green— 

iron. 



: - ' i 


* 

‘ decom- 

iKjras),; 

V r , V O'J: . 




' 'V 0 

'■ t‘ 

position of 

r 





t/ 

pjF'ites. 
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It must be remembered given irnthe third 

column are those of apd th^t ordin- 
ary ores will be poo^r^^^d^^ ^;tbe in 

them; this observation: well, to all theip^li^(S^ 

tables, - • '■ ' \ 

Iron Pyritos.--i^AllVtfapi /"thm^ under this head ^ 
magnetic masi when heated bn charcoal before the bloWjdpe* 
Every prospector kndWs the common yellow pyrites to which 
he refers as “muhdic*^ and not one will mistake it for gold, 
although some sjpciSihens have a beautiful golden colour. The 
most ready test is its hardness, which enables pyrites to strike 
fire with steel, giving at the same time a smell of sulphur. ^ 

There are two species of iron pyrites of the same composition, 
but crystallising differently. “Pyrite” is thcj mineraloglcal 
name of the species which crystallises in cubes and mod ideation^ 
of the cube ; the name “ marcasitf?. ” being reserved for the other 
species which, being of a paler yellow, is ofeen called “whitb 
pyrites,’* but must not bo confounded with mispickel, known, 
amongst miners as white innndic.” Marcasite crystallises in 
prisms, which often affect the form of tables. 

Both pyrite and marcasite are found in concretions, stalactites,, 
and radiated balls. Their hardness is the same, but the spectho 
gravity of marcasite is less than that of pyrite. They are both , 
readily decomposed, especially when exposed alternately to .the 
sun and rain; this property is sometimes taken advantage Of 
in lixiviation processes for the recovery of gold or preparation^ . 
of sulphate of iron, Marcasite, however, decomposer wi^’; 
gr'eater facility than pyrite. It is often found replacing tfib 
carbonate of lime in fossil shells, and these are difficult to 
preserve unless covered by a substance which prevents accasa 
of air. It ik to the decom|>osition of marcasite and pyrites, and 
the heat geherat^ during the process that many of the. fires in 
coal min& aud on board ship, said to originate from spontaneous 
combustion, ;are due. 

There is hh^ther kind of pyrites which is not of such comrafon ^ 
occurrence-^^Viaj;; 'magnetic pyrites or pyrrhotine. It copteiria 
mote iron than the c^minoi! pyrites and is slightly ifiagnetio init^ J 
natural state";; ihi^cplbur is also different, being bronzcryeUp^- 
Mispickel;) doaninohly called white mundic/* ^ diffe^;f® 
composition fii^m 'the ; of , pyrites . by) 

tution of arsenic 

mak^s it an eaSy^matt)^;t$^;r|^|;hikk^ 
great as that otdinaiy'^xJc^ ^yntes, 

with steel, and then.gives a sihell due areeiuii" It 
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^vill be easily distmgai^^v^Q^ cobalt} (smaltine) and 

^groy md^el ,Peaei^l>le8, by the borax assay 

before. flame the blowpigi^-^f?V5fiib smaltine the bead 
will ^ with light cold, if cobalt 

is aWdt,; while the borax bead; with would give the 

reac^ibh 0^ — ^viz., bottle green whon:^,e0ld. |.The bead of 

nic^ri smd the bead of iron will be best diatihguished in the 
oxidising flame j wlten cold, the nickel bead is. red, while that 
of.iimil is light yellow or colourless. e' . 

Cpmthon iron pyrites occurs as an accessory mineral in all 
inebsjiliferous veins. It always accompanies gold in the reefs, 
whmx this precious metal is free; and is generally auriferous 
itself to. a greater or less extent, being seldom free from traces 
of gold even when free gold does not occur in the district. 

From an industrial point of view pyrites should be considered 
as an ore of sulphur, being used in the manufacture of sulphuric 
acid, the sulphates, and sometimes sulphur itself. 

' In sedimentary rooks pyrites is frequent, edpeoMly in fossili- 
ferous beds, having been deposited in them by the docomposition 
of organic matter, a rule, marcasite is the. variety found in 
sedimentary formations which have not been in6ta*morphosed, 
while pyrites occurs in lodes and metamorphic . rocks. 

i&bas been said that pyrites is easily decpniposed in Nature. 
This' decomposition takes place in two diiferWtiways. In the 
flrsi, a soluble sulphate of iron is formed with the generation of 
heert; this explains in some cases the high temperature of mines 
a^/ mineral springs. In the second, the stilphnr is slowly* 
flmplaced and hydrous oxide of iron formed j this explaCus how 
it ie that at the surface, or in exposed parts of a.p)rritaus deposit, 
cubi«^ crystals of limonite frequently occur, ^ whipli^:,^-i^ broken, 
are'i^nnd to contain a nucleus of unaecdmp<^e^cjp^igites in the 
centre* - i'_’ 

M^hetlc pyrites often containa from 3 to. bent, of 

and is then mined for that ipetal. pyrrho* 

tii^j^.'pbcurs in veins in diorite 
JEit the contact of gabbro 

. ^^rites is practically put often 

or silvan ' It with 
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TABLE OF rilONi)RB8. * 


• 

Mincial 

1 

1 

Iioa 1 
combined 
wim 


neif. 

Spioiflft 

Onvity. 

sneak, 

4 

IVrite, 
Miircasitc, . 

n 

asi 

6-6} 

5 

Grey 

Often amifereiu. 


SS4 

6-6} 

4*8 

Gieyish- 

1 

% 

P>irhotin(‘, . 

B 

S39 

4 

4*6 

greeti 

Dxirk. 

grey 

Sughtly magnetic; 
Bometimesmckel- 
iferous. 

Mi^ipickol, . 


4b 43 

6'6 

6*1 

Black 

Sometimes aorifer- 

OUB. 


• S, Sulphar; As^ Afsodil. 


, Nickel and Co » alt. 

The ores of nickel and cohalt are of two classes — viz., those ia 
winch the metals are combi Acd with aisenic, sulphur, or both; 
and those m ^hich the metals are oxidised. 

The first class includes all those ores which are mined in 
Europe, where they exist in veins in granite, gneiss, or schifts^ 
and at the contact of these rocks with dionto, gabbro, <fco. In 
t he'll* deposits the oxidised or surface ores are relatively rare; 
but in New Caledonia tliey form oxtcusivc dt posits in serpentina 
-ad associated rocks, and bave been segregated from these roc^ 
into tibsiros of more or less importance. 

The ores of nickel and cobalt, \Uiieh are mostly arsenides, 
generally occur together ; and, in Cirermaii^ , accompany some 
copper and ftilvei^ ores. In most of the European ores the pro- 
portion cobalt is nearly one-tenth that of nickel, and the most 
common ore of nickel in Europe is nickehfeious pyrites or ztioo- 
pyrite. At Val Sesia in Italy it occurs at the junction of 
diorite with bomblendic gneiss. 

^t Eterlicn in Norway the same ore also occurs in a contact 
deposit between schistose qaartsato and gabbro, and sometdtnes 
the gabbro ftsel| is stiiSioieiitly impregnated to be worked to 
advantage. In Sweden it foms large veins in granite, tmdis 
generally accampanibd^by^ <wer stdphidei^ e8i>6oiaUy\o^^r 
pyrites. * \ 

The mineral of nextimportance M c6pp<$r dp 
which occsirs ill Austria in veins traverrihg talcose aw >1iorxp 
blcndic schists, aomwbeds of which are impregnated with" pyrites 
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and misj.ickel. The. ore there also contains** white nickel or 
chloanthite, besicTes copper nickel and argentiferous grey copper. 
Although tho nickel and cobalt ores are not easy to recognise at 
a glance they wUl generally be detected on; forking the outcrops 
of lodes by th^^ stains which proceed from, their decomposition. 
These ^*6 oxidised products in the form of arseroates, and they 
are, generally found accompanying the arsenides. The arseniate 
of cobalt is of a pink or j»each blossom colour and is known as 
**etythrihe” or “cobalt bloom”; and the Pirseniate of nickel, 
called “annabergite,” is apple green. Xhat the ores of nickel 
frequently contain cobalt is illustrated by the fact that botli 
these stains often occur on the same specimens of ore. 

At the present time the nickel and cobalt industries are rapidly 
increasing, since abundant deposits of those metals have been 
found and worked in Kevv Caledonia and Canada. 

The ore in New Caledonia is a hydrous silicate of magnesia 
more or less impregnated with oxide of nickel, and containing, 
as an average, 8 or 10 per cent, and sometimes even 30 per cent, 
of nickel in picked specimens. It occurs in veins 2 feet or 3 feet 
thick and over, in a decomposed serpentine. 

The beat ore.s are sometimes mixed with rounded fragments of 
serpentine, forming a kind of “breccia”; but these veins have 
not been found to continue rich to great depths. The form of 
the best quality of ore, wliich is of a beautiful emerald green 
colour, is concretionary or stalactitic. It has evidently been 
sc^egated from the enclosing serpentine which sometimes con- 
tains *25 per cent, or even nearly 1 per cent, of nickel. Thesv. 
minerals ha'^^e been named Koumeite and Garnierite, ftut they 
do not appear to have any very definite chetnical composition, 
the percentage of nickel varying within ^mewhat wide limits. 

The cobalt ore of Now Caledonia is an earthy manganese oxide 
called Wad mixed with a small percentage of px^e cobalt 
from 2 to 15 per cent. It is found in decompo^d:jier})entinous 
rocks^ in nodules and small veins of concretionary structure ; and 
sopietimes also encrusting roots of trees, thus showing that the 
percolating liquids from which it was precipit4t<?d are still 
in circulation. . . , ■ , , 

Blowpipe Tests for Bickel and Cobait.~fti. using the 
blowpipe ^^r the determination of nickel aipid <^balt minerals the 
Collowihg notes will be pf value. wh'm^h#:t^ together, 

togeth(er,ias in some 

mines. ,; ^0 so long as 

arseni^l iumes W ^cn fused with borSx. * If there is 

no iron present the bead will be blue; but, if there is much iron, 
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it will be first boCtle-green^ c|ta&giijig tb bluish-green, ffhe bead 
must then be removed wirl and fceateiiin a 

flesh borax bead which- blue. , Mpre' 0orax 
should be added as Ipug as the. bbad dhows any blue colpdr^ii'the 
oxidising fiame, the broken off after 

tion ; and eventually, tf there is niokel in the ore, the Imd^U 
be coloured brown/ If the presence of copper is suspbete^ it 
will be recognised by fusing the last borax bead with micro* 
cosmic salt ; if copper is present the glass will become gf^n. 
Witli the information thus gained and the characters enumerated 
in the tables it will be easy to distinguish the different minerals. 

TABLE OF COBALT AND NICKEL ORES. 


Mineral. 

• 

Combined 

Metal. 



streak. 

Kemarks. 

with 

Per cent. 



Millerite, 

S . 


3i 

5-2 

... 

In capifiaiy brass- 
yellow crystals. 

Nickeline or 

As 


5-5i 

7-5 

Deep 

Reddish-grey , or 

copper nickel, 



• 


brown 

pale copper. . 

ChloanthiteoT 

As 

5J-6 

6‘5 

Greyish 

Tm-white. 

whitenickel, 





Gersdorffite, . 

As 

Ni32 

H 

6*1 

Greyish- 

Silver - white of 





black 

steel-grey. ’ 

Nicopyrlte, . 

S 

Ni20 

34-4 

4*6 

Light- 

bronze 

Not magnetiOi. . 

Linno^ite, 

S 

Ni33,Co 

54 

5 

Dark' 

Steel-grey, : T 

mt. 


22 



grey 


Cobaltiue, 

S, As 

Co 35 

5i 

6 

Grey 

Silver - white jot 

i 



reddish; diatinot 
cleavages. 

Minaltine, 



As 

Co 28 

54 

7 

Greyish- 

Tin-white or stSel- 





black 

grey. 

Glaucodotc, • 

a, As 

Co 24 

5 

6 , 

Black 

1 Deep tin-white ; 

t 






rare. 

CobaltiferouB 

\Am"' 

Co 10 

54-6 

6*2 

Greyish- 

Deep tin-white ; 

mispickel, 
Annabergite, . 

Arseniatc 



1 black 

rare. . 


Soft 

... 

Palo- 

Earthy ; apple- 

otn^kel 




green 

green. 

Plrythfine, . 

ArSeniate 

Co 37 

iVoi 

2-9 

1 Pale- 

Pink or .pe^ch- 

of Co. 

1<ti 10*30 

Me-»‘ 


. green 
Do. 

L, blossom.' ' 

Garnicrite, . 

Noumeite, . 

Silicates 

Silisate 

>-24 

';>24, 

23 

Ap^e-greeiir.pale 
biuisb-meiv Ac. 
Emeral^green, 







Cobaltiferous 

*Oxide«^ 






wad. 

• 

a 

» 

Mn 50-60 

’t 

'f ^ ■ 



■ 

“Sf"! 


S, Sulphur; i#, Arwidc; i^i, 
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•* . 

- , 

Ores. 

___:.ii 0 i y 6 r^'^&xteRsiti»Ijr^ 1 d 1 ^|^^ in nature; 4t 

OGCtti^ m even in the earUeat and in irregular 

dep6^t$ xn>^inentar;f be^ . ^ ^ 

/lii ; 0liiringi^ the Hartz these oi^ occjir in veins in 
par|4yiy,‘but while in the first region pyrplusite and psilomelane 
piramniitiiate with heavy spar and other, associated minerals ; 
mang^t^ and hausmannite with heavy apa^ iic., constitute the 
, fiUi|ig^]r the veins in the Hartz. 

in France an extensive deposit of manganese 
( ntW ^ists forming the cement of a breccia in a rock which is 
fermild by the disintegration of granite and is called “ arkose.” 
This deposit is connected with a true vein in granite, one fathom 
wid<^ filled with manganese ore. 

In the Devonian rocks of the Khenish mountainous region 
dopoaits of manganese occur in tho magnesian limestoni? or 
dblomite. Some of these deposits are impregnations, wliioh 
have in part proceeded from a vein ; but the principal deposit 
consists of nodular concretions iii clay on the surface of tho 
doipinife. The upper beds contain pyrolusito, and the lower 
p5ulomPlane, the latter ore originating, no doubt, from the altera- 
tion of pyroluaite by percolating waters. 

Tho analogy between the two last deposit^' is evident, and 
alwws iiow easily manganese is segregatea,,S,It occurs, even 
iifthe most recent formations, in thin coatings 3 vhiph sointjtiines 
afiect the forms of ferns and are termed dendriiio markings. 

;3Phe principal deposits of manganese, howOVer, tare very 
irregular both in form and extent; largd^'lehluoular masses 
occurring in slate, which, when worked out, jpve ^ indications 
.w;hatever lc.ading to other deposits. , . 

! The ores of manganese are extensively manu- 

:£^ture of steel, but for that purpose they free from 

pl^phbrus and sulphur. The oxides richest in 

OX^en And poorest in metal — ^viz., pyrolusiter*riV^; used for the 
of'Chlorine and also foi^pr^parih]g;0^^i^ 

, the manufacture of glass, 

colour , ^ven by 

tSmiei^y ^0 French soap.'" 

^ lie saii^, Uianufacture, 
juanganeso 
evil%.‘bt>rax before 
nllare and car- 
bonate of soda on . 
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TABLB CIS! OBJSe. 


Mineral 

Chemldgl 

State. 

• . . 


E'lird. 

neap. 



Spdoifle 

Omvlty 

SteSJOi. 

' i 

Pyrolusite, . 

Anhydrous 
oxide ^ 

63 

2-2} 

5 

Iron- 

black 

BaciUaTy> radi- 
ated. 

BraunitCr 

Do.* 

69*6 

6-6} 

4*7 

Brown or 
brown- 
black. 

*»• 

JJapBmanDito, 

1)0. 

76*9 

5-6i 

4*8 

Brown- 

red 

Deep 

brown- 

icd 

... f** 

Manganite, . 

• 

Bhrdrons 

oxido 

67 

3i 4 

4-3 

Bacillar grooved 

I^bilompKinc, 

Maxig*inaio 
of baryta, 
&c.. * 

52 

56 

4 

Black 01 
' brown 
lah black 

Amorphous, 

Wad. 

Impure 

Van 

able 

\dn 

^blo 

• 

(Iroyish 
broil u 

Amorphous nod- 
ular. 

Alabandinr, . 

dulphide 

Ir 

... 

1 

4 

Deep 

green 

Hare — colour 
iron-black— 
generallygran- 
u)ar. 

Contains less 
manganese 
than alahan- 
dine. 

llaucnte, 

Da 

... 

4 

3 4 

Kcddish- 

bruMH 

• 

Carbonate 

... 

3i-1^ 

3b 

Keddish 

white 

Pink or Col- 

oured. 

Hhodonite, . 

Silicate 

... 


3*6 

Do, 

Pink or peach 
blossom. 


The last four luinetnls of tlio tabic will be easily kiiOtm. 
AlthongljL thO tiro sulphides, being rare, have not b»» 0 n esp0oi<l41]r 
alluded to in ibe determination of minerals, they will be re- 
cognised by the reactions of manganese and sulphur before the 
blowpipe. 

The carbonate (diallogite) and tho silicate (fhodonite^ are 
conspicuous enough front their dcsby or poach blossom colottre^ 
and will be ^tklgdiElied from one another by their diflerent 
liardness. Ciallogite will bcT |lasUy scratchod % a 
rhodonite wiU*aot, ^ ^ ^ 

An important, depofidti^oJ of mt|i!tgia^ 0 irON ooeta^ 

irregular m^ass^ in lidi^toEv at CMSoEltei^ in 
the percentage IS increased by calcination. Piallogltei If hbta 
rare mineral in small^quantities, and its assOtiations are interest* 
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iBg. It ^as been found vitb gbid| silver, lea^, copper, and tho 
other pres of manganese. / ^ ^ . J’ ; V v. 

Kbodoi^ite is found in some irpaTi^ijd^^and also in associatidn 
with tetr^edrite^ and some very beauHful sp^imens are obtained 

V*; * ' ' ' 

Chromium.;'.. 

®be bnly ore of chromium is Chroma and this ctre is 

found 'in. many localities, associated with serpentine, but some- 
times its gaugue is olivine. The rock dunite, first described 
from Ifew Zealand, consists of olivine through which chromite is 
dispersed as grains. In New Zealand and New Caledonia 
chrome iron occurs in veins, and it is an abundamt ore in the 
Shetland Islands, as in Unst, 4hc. 

Chrome iron exists as large masses in some sorpeutiues, 
especially those containing diallage, and sometimes as concretions 
through the same class of rock. From the decomposition of this 
rock it occasionally forms a wash or black sand on the sea shore, 
as in New Caledonia, in the same< manner as titaniferous iron 
doeii in New Zealand. There are extensive deposits of chromite 
in Asia Minor. 

^e^entine generally contains ores of iroll, but these always 
contain a few units per cent, of chromium, which interfere with 
the metall^gical treatment; although, chrome steel i's now some- 
what largely manufactured, and is of especial value for the heads 
and dies of stamper batteries. 

Chromium is used chiefly in the state of chromate and 
bichromate of potash in dyeing, and also in, the manufacture of 
colours. 

Uranium, 

^^tchblende is a mineral winch is usually black, and 

with a pitchy appearance; it is composed ori^el,%<^al uranium 
and ' oxygen, and always contaicis i There are 

uranium miiieraU, such ak <kc., which 

havk a chairacteristio yeUowish-green, cblouri butVju is 

the.permanent ore in depth. - ^ V;;’-'-’ 

It p^ars in several lead mm^hi^Ger.ihaiiy, haa.been worked 

Road, in 
.'It' is used in 

the' pretty orange 

colour for pamtiilg glass, tb which it 

imparts a greenish-yeUow^ foggy, or opaliu^ appearance. 
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Sulphur — Antimony — Arsenic — Bismuth. 

Sulphur. 

Jn some districts sulphur occurs native, associated with gypeum^ 
the most common of the sulphates. It is cbiedy found. in 
volcanic districts^ such as iSicily, Popocatapetl in Mexico, and 
AYhite Island in Hew Zealand. It is also occasionally fonnhd 
hy the decomposition of pyrites, both in coal and metallifsroua 
mines. Its varied applicaAons class it as a raw product of 
primary importance. It is used for the manufacture of sulphuric 
acid, and for making gunpowder, and the property which it 
possesses of expanding on cooling makes it valuable for taking 
casts of medals, has reliefs, <S:c. 

Arsenic. 

Natii% arsenic is rare, but occurs as an accessory mineral {n 
some antimony and silver mines, in crystalline and schistose 
rocks ] and it is also found in the Kapanga gold mine in ISTew 
Zealand. 

The tiyro other' arsenic minerals, orpiment and realgat, Were 
amongst the earliest known minerals, their conspicuous colour, 
whicli rendeired them valuable for the manufacture of paints, 
having attracted the attention of the ancients. 

prpiment is a compound of sulphur and arsenic, and ba^ a 
beautiful golden colour, with a nacreous lustre on the clci^va^ 
faces, while that^n the Aractnre Is dull or resinous, . ' 
Realgar differs in from orpiment hy 

more arsenic,* and ifo go^Ux la oran|;e-red, It ismttii **^eu / 
crystallised) and aOcompnnU»|| by orpintont^ into wplcfa W 
changes on estifosure* 

native arse'i^ic in motallifetous veins, eandcdally tlmSU of finlvei*, 
gold, and lead, in Tfansylvania, It Is aoso mentioned as ocobt- 

f I m 



19 


pROSPEcrruro for minerals. 


ring in g7p<.um and dolomite, tod botil ^rpimont and ie.il gai are 
often associated with prodtots tototoio ernption 

' ‘ ^ 

tABLS m SULPHUR AND AESKMtO IWINRRALS, 


JMmtU. 

CbmpOB- 

lUoo 

Hard 

Ii«S8 

Speclde 

Oiavitj. 

St^ak 

' A 

Kcniarks 

Snlptnvi 

Native 

14 24 

2 


■ySlloW ; very buttle 

AtMlo, • 

JDo. 

! 


50 

... 

Metallic lustre ; tm 
white or grey. 

Orpfment, 

8, As 

14 

S4H 

Vellow 

Oraage>yel1ow. 

Bealgar,. 

S, As 

14 

»o5 

Oranee* 

red 

Peep oiange-red 

1 

; 1 


Antimony. 

Thd only ore of antimony is sulphide, known as antimony 
glance or stibnite, the ovides which occur with it being merely 
prodootiB of secondary formation, while native antimony is rare 
and occurs mostly with ores of silver, although it is found with 
gold in tho Wentworth mine m New South Wales. 

Although stibnite resembles galena, it will be readily dis- 
tinguished by Ik lug easily fusible in the flamo of a candle, by 
the -white fumes evolved, and by its form, which is generally 
that of elongated or fibrous crystals ; while galena is granular, 
or lamellar with cubical cleavages In some ^fine^s^raiued 
varieties, however, these differences disappear, and the fusibility 
and other blowpipe rerictions have to be depended upon. 

It will be more diflicult to decide if a mineiwl is an accidental 
mixture of galena and stibnite, because dt then be 

confounded with one of the rare minerals jam^6S|pnite, sinkenite, 
dsOff which are sulphides of antimony and lead* ' 

Both of the oxides mentioned in the table ooour cither 
cfystaltised, fibrous, or earthy, and are products 0^ the decop- 
poaiilon of stibnite, which they acoompany ha the deposits 
Masses and crystals of stibnite arc sometlpCs fbirfid o^ted with a 
yellow substance, which is rath# tha^ and jinlhsible, and whh U 
also occurs, in dbrous gtoeved crystals, 

resfeajt^ing 'fos# another species of 

antimony in CompdSition^rdm^cervantite. 

^ntfmony found in *quarte vefiis^ cometimes 

asso>ciated with heavy i^ar. It is also said to occur with spathic 
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iron m beds of*Devomainiij« where it is probably 

connected with veiiuj of 

^ atibnite soraetune^ ^ (0md in 

the mines of the Xbaio^ i)Ci jfeir and is itAsif iuiM(^rous 

in Poitui?al, New Bonth^alss, snd elsewhere. taany 

processes hayo been demised for treating ores of thia nMUte, no 
('real success has yet been attained, ^ 

^ABIM Of AOTIMONy OBES. 


, Mmtril 

Compoi 

itlOIL 

Metal. 

Pw 

cent 

Ifitxvc anti 

A small 


mouy, 

propor- 
tion of 
lead, sil- 
ver, and 


Stibmte, 

araonic 

iiulphide 

717 

Valeutmite, . 

Oxide 

! 0 

1 83 

Cervintite, , 

Oxide 

79 

• 






Sometimes lead- 
blue but i^ner- 
ally tia<»white. 


Striated prisms, 
fibrolpi masses 
or gisnuhlr. 
White, y^pwish, 
and btownisb , 
nacreons. 


Ypllowish* SulpW - yellow 
vvluto to or nearly white. 


or nearly whi^, 
sometimes zed- 
dish-white. 


Bismuth. 

\ 

BisnAitli is a ihstal of rare occurrence in nature and, therefore, 
aUhough not used Sittensively, it has hitherto commando^ a good 
price , but mining On a large scale would soon oversiodfcr the 
market, and create a depression until new applications of 
mdtal were found. 

Bismuth is n^t found, as a rule, in deposits by itOelfi but 
occurs m Europe with oobal^ and nickel ores, and al^ with 
silver ores and : whde In Stew Bouth Wales it^aosom* 


panics tin and ji:old» aUatia'^in ^hidk mcdybdaid!^ 
pre««jnt, ^ *’ ^ 

Tho prijicipdl oies of bismuth are tJm nstiye meth!» w a tin- 
white losy colour and very fusible , and bismuthine or bisimu.th 
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glance, wMch. is tho , pf„/fc|i§piuth. The oxide and 

carbonate of bi^mntb,k¥o^]i \^ l^ and bismuthite 

respeiiti^l7,^ l^ :^nerally found ores hy the 
decomj^lg^t^ jq{^ iiirhich they are .^fot^ea ] ^ occur in the 
uppei^ i^rt$.df tW'lodes. ‘ ‘'■' i'H;'.'-!;' ' J' 

The; of native bismuth, ita :britt*eiicss when 


cold, 


white rosy colour are cha^feV which serve to 
^ hyit readily: The sulphide, bismtithine, generally 
occul^^i^^mall prisms or in a granular form/^is easily sectile, 
an4 a smell of sulphur before^ the blowpipe, leaving a 

^pale |rellovr coating of oxide on charcoal. 

,¥he. oxide forms a yellow coating on the ores just mentioned, 
and :ia!;^ei^iily reduced on charcoal to metallic bismuth. The 
carboha^ does not occur crystallised, and will be recognised 
easily by reduction on charcoal to metallic' bismuth and hy its • 
solubility with effervescence in acids. The solution will give a 
white precipitate when distilled water is added to it. Carbonate 
of bismuth in small rounded pebbles of a yellowish colour is found 
in ISTew South Wales in some alluvial tin deposits Of the North. 

In the tin country of New South Wales, at Kingsgate, 
hismhtil^ occurs in granite and altered slatesp The line of 
junetioh of the two formations is well defined^ "and bismuth 
lodes occur in the granite in proximity to this line, or not more 
than’ .400/ yards from it. According tO the^lato Mr. C. S. 
Witkinson, these deposits are pipe veins or oval masses of 
quartf of variable thickness, descending in a. .more or less 
vettlpal direction in the granite, as though wOUJike caverns 
of yety Irregular shape had been formed in. the.gtanite and 
£11^., with quartz and metallic minerals. Molybdenite and 
mispielk^ bcour in these veins as well as tin. . • Jargest mass 

of bismuth found weighted '30 Iba . , \ :V', 

iStei^h bf Glen Innes, bismuth is associated iu.. quartz 

veihabf ^ irregular character. These, veins ah^lbisles traverse 

-* 

20 fee.t 

m<dy||d(^ie^'mmpickel,‘.i^;WO^ of thi.s 

last profitably 

native 

tfie 'yel!g#'->hrthy car- 
bonate 'uhd : oxide;/ wi^h. .pi^oducts of their alteration and 

deoompositiod. '* 


^ned micaceous felsitio rock,/ whie^ Js; by 

Sat surface 
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OHAPTEB XVtt 
Combustiblo Uin9IA^> 

Thb u^a«rata included in this group are all varieties of carbon 
or hydnicarbons, and are includod in the iii>U<)wii>g table : — 

TABLE OF CAKBON ^INEBALS. 



Uard- Spedffle 
ueas Qiavll^ 


Graphite, 


Nearly pure carbon I 1-2 


Anthradte, . I Coke S2 to 90 7<, 


Coal, • 

Cancel c(M|l, . 

Lignite or 
brown coal, 

Torbailltf or 
kerosene 
shale, 

£:iaterit« or 
mineriU 
caoutdhooc, 

Ozokerito or 
xninei^wax, 

Petroknift, . 


Coke 00 to 82 7« 

Yields large quan- 
tities of gas 
t Hydrous coal 


AmbsTp » , 

K 

Asphalt|i]$i^ s' 


Vol Hydrocarbons 
80 to 80 7, 

Hydrocarbons — 

Carbon . 88 7« 
Hydrogen 12‘5 7, 

Hydrocarbons— 

Carbon . . 85 7o 
Hydrogen , 14 7^ 

Hydrocarbons-^ 

Carbon . • 

Hydrogen . 16 % 

Oxygenated hydro- 
' carboDs— 

Carbon a a 19X . 

^ , ^1% ^ 


1- 2 2*2 Metallic lustre, mfus- 

iblo, soils the hngot 

2- 2^ 1*3-1 *7 S^tni-meUllic lustier 

bums with clifliculty 
2-2i l*2-r7 Lustre resinous: bums 

♦ with bitummoua II 

... 1*20 Frdeture eonchounl; 

bums freely. 

1 2^ *5-1*25 park brown sticiL; 

burns with a disaL;r( e 
able smell 

. . 1 '05-1 *30 Fracture cone hoidai ; 

' bums freely. 

*9-1*0 Buma fteely with bitu 
minona sm4d. 

... *d5-*90 JUkOtfaX gfeasy ; burn&. 

fceely* 

i f 

1 t 

*7(l-'90, Bntiut Irtth a pi^ouhar 

■D^ , 


yellow , elec 
" Irih^lriQtion; ourns 
J ' wim^amxnaticsmell. 

s. i V r 


Oxygenated liy4yo» *2^ JlSaeily fusible; sti*eak 


fSi^^Tp'wfd' 

fltt- , 


black OK brdwn ; burns 
wj|th*A BtniOky flame 
ased a bitunuhoua smell. 


— .... .. 

■operceatagea waiy, but those given afe luiily typicii. 
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Diamond is*tLe puresv {pam of Ic is coml^jEistible, but 

Toquires great heat to the moBt^ valuable of 

* our gems, as well sul^6uioo iu more 

properly considered, Wiib the gems or Kt<siLei^rder 

The dian^nd,. gir^phit^ the coals, ligidlbi^ ibnd, 

i istly, wood and Other vegeiti^Lble matter all form caifb<^W acid 
when burned] but from some of them hydrogen and its com- 
j)ounds, especial^ hydrocarbons, aro also evolved, a regtilar 
•^(^rios thus existing i^rougb the bituminous and canuel ctAds to 
(lie true hydrocar&ii nuuenrais. such as petroleum and ixiineral 
, wax . ‘ 

Next to the diamond in purity comes graphite or pltUUlbago^ 
hieh is found in the earliest and most highly metamorphosed 
» ioj tnations, where it represents the vegetation of those timos, 
A^lllrh has, under pressure, lost all it volatile constituents,, and 
been also rendered schistose by metamorphic action. It Is very 
vtiJ liable when pure and massive, audits wide application In the 
manufacture of lead pencils and crucibles is well hnowu. It 
will be readily recognised by comparing it with the lOfkd of 
pencils. Inferior qualities Lave to be thoroughly 'VVashed, 
prepared, and pressed, while puie varieties can be sau^ in 
their natural state. ^ * 


Coal8,-^0oal ^'seams, as already pointed out, are formed, from 
vegetable matter ; but it was while the deposition of the various 
sandstones, dso., which overlie them, was going on that tilio char- 
acter of the carbonaceous deposits first began to change i great 
wciglA was put upon them, in the first instance, by the orer^ing 
rocks and thus they became solidified, and, by means of this 
pressure, and the heat induced by pressure, chemical action set 
in, wliich had the effect of slowly driving oft the more Volatile 
cA)nstiJuents of the coals. Water and various hydrocarlmns were 
driven off), aji)4ithe ctrbonaee,ous beds, which at first v<^y nearly 
approximate tdthe composition and character of wood^ Were by 
degrees into coal. 

^ This prdeesh of carbonisation is, however^ by no means ^nur 
})^ete, except in a, very fow instances] and it is chi^ by’ the 
state of chang<3^that h^0ii effected that the coals axi idnaslfied 
as follows*-- ’ Hr.. . . , . , 
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Those c^als which oontMn Qtof 10 per cent!! of water hare 
suffered less change then the others^ end they have many dis' 
advantages as compared with the anhydrous varieties. Theses 
liydrous coals are sub-divided, by their phyirical characters, into 
lignUeB^ brwH rco/s, and pitch ; bui it is very hard to draw 
a clear and distinct line between them. Thick deposits of brown 
coal are found in various localities ; at Iial Xal, in'Yictoria, the 
beds are 150 feet thick and are covered with ba^lt ; and m New 
Zealand extensive deposits are mined both in tiie north and 
south, the seam at the Miranda colliery being o5 feet thick 
When the better class of these hydrous coals are lirst taken 
from a mine, they would frequently puzzle any but an expenouced 
observer to distinguish them from the true coals. They have a 
compact structure, are black and shining, and in many other ways 
bear a strong resemblance to the true coah. If, however, they Ih‘, 
left exposed to the air for some time one has no difhcuity lu dis- 
tinguishing them, for they begin to lose their irater, and, in doing 
so, crack in all directions and then fall to pieces, Tliis being the 
cose long transport is impossible, and the employment of tlie 
coal must be purely local ; morooverf it must bo burned <is soon 
as it is raised from the mine as stacking on the ground will 
reduce its valua 

These hydrous coals, however, arc of considerable Value whore 
truo coals aro not obtainable, and will even comtpete very favour- 
ably With them when the true coals have W be brought from a 
distance , but they have another disadvantage from the occur- 
rence of water in their composition — viz., that the water is not • 
only uigiable to supply any heat itself, but requires a fiertaiii 
amount of heat to convert it into steam; and for this reason, 
where both classes of coal are readily obtainable, ;t is frequently 
pr^erable to employ an inferior class of anhydrous coal rather 
than the best lignite, brown or pitch coa,l. ' 

The anhydrous coals, as before seated, may be divided into 

^ Anthracite or non-hiUiminous coal, 

Cannel or highly bitummohs soil], ^ 

Steam or household or less bf coat, 

and many other sub-divisions hm *alsO hiadO to'whioh it is not 
necessary to call atten^on, 4 « 

Jnfhmcm fo tMpstf in ifUm of canonisation has 

been puhhed'to'itt greatest oidiblihr n^ever contains less than 
60 per cent. Of carnott, and Is frequently almost com- 

posed^ of it. Antliracite does not soil the fingers, and is of & 
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glossy blact appeaianc^, kindle, but in burning 

gives off an intense oit no snioke. From the 

difficulty in burning 4 U for hoU9eh)^Id con- 

sumption as the freO bufUiiig although it lis largely lii^d m 
America for that purtroM It m ^principally etoploy^dicn; aui^ting 
metals and raising steupi* 

Cannel Coal, agirin^ dqea niQA soil the fingers, but in other 
respet ts differs mat^i'^y firom anthracite. It has recefVed the 
name of cannel frcgn the pi^operty it possesses of burning r^ily 
with I ffame li]ce a candle* It is highly bituminous ot cdntains 
a laige })roportion of volatile matter, and is principally employed 

the manufacture of gas. Although other Coals ate also 
employed lor gasniaking, the quantity of gas obtained from them 
IS generally less than, and the quality always inferior tc^ that 
• nade irom rannel. 

The ordinar} or household coals may be variously subdivij^Cd 
according to the propeitica which each possess, but the only one 
of importance i^ between the caking and nou-caking coalSi 

Cakiwf CoaUaxe those fiom which, in buining, theie exudea 
a black bitumiqous substan&e winch cements the coal together, 
m the tiie, into a pasty mass This class of coal is the one from 
w hich coke is ehtefiy made, and is also used both for domestio 
pui poses and for raising steam 'Phe other, or non cakmg coata, 
do not run together wlicn Jieatid, and arc of a more free burning 
char It ter 

Jet IS a variety of coal, is black, and takes a good polish It 
IS of value for tht^ manufacture ol ornaments, such aS crO$ees» 
earring#, dre, The ifost impoitant deposit known is that ot tlte 
cTurissic coal measures, near Whitb}, m iTorksbire, where two 
qualities arc found, one >ery hard and \aluablo, anothw Obfter 
and ot less vaitie* 

The Img oak of Itelaud "lust not be confounded with 30^ ; it 
IS simply wood impregnated with iron, and occurs in swatupa 
where iron- ore is formixlg at the present day. 

The name of jet is commonly given to black glass beads and 
gl^i^s jewellery, but these are not likely to be mistaken lor the 
genuine article, ^‘et is much lighter and not so brittle as 
but its ongin ^es not appbar to be well understood^ It ia 
descubed by some authdrg ^ a variety of ljignjU>e; H is 
anhydroug, awd is geney8|lly aaeloci|sted with cmnel it is 

very probably a? fossil gurtu, OoOurs ifi fee 3®^**^*^ 

Joadja Cre#k sAale mTneS Sofitli wales, ^ ^SSanii 

which hawegao^reat lateral extension 

• i 
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PetroleuiH is composed of hjrdtt^cax^bons, and is found iii 
rocks of all ages, somettmes in sut^tet^in^ean reservoirs of great 
ext^t ** 

lot Pemmylvania, sandstones saturated witli oil, foiui tho 
aW these 8andstones,ap^>ear to l>e lenticular m form, 
and 6f varying texture, sometinn?^ passing into conglomerates. 
Tho following facts appear to have ascertained with 

re&twce to the Pennsylvania oil region. 

1^ Tho thicker the cover tho mcMO the oil, large accumulations 
being seldom found under light covers, 

3. The coai*ser and more open the sand the more the oil. 

3« The sandstones buri(*d m shale •» must form the reservoir 

4. tlnderlyittg shales must exist which fbrm the^ source of tb ' 

oU. 

’Xn the Ohio district the Trenton limestone, which is struck 
at a depth of from HOO to 2300 feet lielow the ijiurface, and is 
covered by 400 to 1000 feet of shales, appears to be both 
the producer and loservoir. The ^principal accumulations, both 

of^oQ and gas, are always in the uppermost beds of the limcbtoue, 
and generally not more than 20 or SO feCt below its uppoi 
i>urface. The oil rock continues to a lower level, but l>clow the 
oil tiie rock is chaiged with brine containing unusual quantities 
Ot cUoHde of calcium and magnesium; whtothis is stiuck the 
is frequently lost, although li is Bometun<^ possible to plug 
it n^ar the bottom. 

The limestone appears to be quite porous in parts, ^but this 
porosity seems to be due to dolomitisatidh, the ^change having 
reaulted in recrystallisatiou which has left innumerable inicro- 
sc^ic cavities in which the oil has occumutatedvf 

There appear.^ to be no doubt that petroleulu^bWheen derived 
from organic matter and much more largeljr frmn V^tJible than 
animal substances ; it has, meteover, been in most 

cases at tho normal rook tempcrattire, end a product o( 

deotWetive distULition of bitumlnoua'fi^es* V 

Wh^ flat anticlines Cwt, the*payiUjg Veils ore idi^ always 
on Atmm, whether ^ess be ot those of 

smailet^eleyatiou si4»m;ted M We Sy^emiea This is 

stilbwiwjfche wSls,. g»S «hd oil have 

been Jtomck s6ou over- 

Petroleum hoe gehtodl)^ been found in odhs^pence of a 
disopvery of Inflammablo gas, soructimes oscapiiig from fissures 



COMBUSTIBLE MlKSBALS. 


203 


III the surface <ff the uther cases, st«uck when 

sinking wells. In som^ tfiSs gaS occurs in vast 

nuantities, and has for beating And light- 
ing pui poses. ^ 

I lie discovery o( hSiimwn^tf hoi^ever, affords yetjt little 
information as to th^ best lOimUtifNi for sinking ^^elhr^ and in 
tJie eaily day8 of an Oil field inhere is a great dejsi of chance in 
the location of a sitOt Who;^ however, several bom holes hare 
been put down, ix^orioation is gained w'hich setTOB aa a, guide, 
and fewer mistakes are Ukoly to be made. 

Some oil-bearing rookie such as the Boghead mineraVw tor* 
li<auitG of {Scotland, and the similar oil-bearing shi^e Or 
South Wales seem to have been formed in a tnamrer to 

V oal, but under different conditions. " 

^ The last rock, known aS “kerosene shale'' occurs in leutidttlar 
IkhU of oon&fderable extent in the coal measures and probably 
<lifleii> only from coal itself by being composed of the remans 
of swamp plants,* which have undergone decomposition under 
vater, m special conditions capable of preserving most of the 
g<ise<3 If microscopical exantinatioii does not detect any organic 
htiuctnre as in coal, it is most likely because tho water |mnts 
were of a much softer nature than those which formed the 
coal, and that the cells have been completely destroy^ hy 
fermentation. 

An abundant source of petroleum is to be found in the ojj- 
bearing schists, or, as they are sometimes incorrectly tei^med, 
bituminous schists. According to Dufresnoy the oil in those 
schists originates ffrom the decomposition of animals, espematl^ 
hshqs, the fossil remains of which aro abundantly found ; *but 
this, if true in one instance, can hardly be considered aa uni- 
versal Iv correct, Petroleum occurs in different formations, ftom 
the carbonif^Us to the tertiary. 

Jfinfi/hl wm Gt ozf^hirUe is a solid petroleum containiDg from 
J i to 15 per oeout. of hydrogen, whilst petroleum contains 16 to 
1 7 per cent. 

Mineral caouichOuo or elaterfte contains still less hydrog^^ 
froA 12*3 to IfrS per cent, than mineral wax. It is fbund with 
lead ore and atCaattopn in Derbyshire, and in coal ^ifies 
near Nantes iu France, and in Afassachnasetsi A ginalibr 
miueral has |^en fritfid tho Ooorong IjagOona of ^Sotith 
Australia and nfmea Coommt^r * ' ' ^ * 

The bitumenslconh^ of oxygi^n and 

and when^hitutoen regularly impregnates of somewhat 

homogeneous composition, such as imicstones, it forms a material 



204 


PROSPECTING FOB MINERALS. 


which is highly prized fpp footpaths, flagstones, A‘c. For tlmt 
purpose It IS cniijhed to powder, and used either with or 

without additional sand and pebbles When refined in powder 
it can be net dry and agglomerated with hot irons. 

Amber is a mineral resin and, like the bitumens, contains 
about 10'6 per cent, of oxygen and nearly the same proportion 
of hydrogen. It resembles kauri gum very closely, and orna- 
ments are made of that substance to imitate amber, but they are 
more brittle than the genuine article, Am^er, as well as kauri 
gttm and other resins, has exuded from trees, and is ficquently 
found fossilised in lignites of Tertiary age. 


CHAPTER XVIIL 

e 

GENERAL DINTS Ul-frAHDINa PROSPECTING. 

ITaviNG now described the modes of occurrence of ininerals 
which are moat common, and the means which are best ad.ipled 
for distinguishing one mineral from another, it only remains to 
give a brief summary of the operations which arc necessary for 
the prospector to adopt for the discovery and tracing of ores, 
together with such develojiment as may fairly be expected of 
him, before the discovery h in such a state a$ to induce capital 
lets to provide snfiicient money to open the mine. 

The student may expect <»orae hints regarding the outfit he 
will require and the operations he will have to unilertake but 
thero is little that can be said which will be of much uso to him 
With the exception of the few blowpipe accessories which hav e 
been enumerated, a compass, and a small prospecting pick, he 
will be able to secure any equipment he may And necessary at 
the nearest store, from which he also obtains hm provisions , aiul 
so he will avoid VM^ing encumbered with toolsi tahts> itc.\ until he 
has actual need of them. 

Equally is it the case thafe no description of t^e methods of 
sinking shafts and driving leveb will be of rhtt<;h use to the 
student who proposes to w<jirk in npTactScal tmmner, for a week's 
residence in a mining oatop will afford him tnore information on 
the$e sdbjeOts than he could obtain by reading, and he will 
, g^emUy And it tabis advantage W do a l^jttle trprk on a claim 
before start^^ otolt to ^ bfo o^n accoif nt. 

It may be wett 46 a few points Sv^hlcb liave been 

already alluded to in the foVegofng page*?, ^ * 

Metals and minerals may be found either associated with the 
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rocks in which they were ori^nal^ deposited, in whichcase they 
ard called “mineral depositSi^Olirv^lpv^Ag been worn away by the 
action of the weather by running water» they 

may occur associated wilih.gr^yeja uM sand in existing streams 
or buried river channels," in wWcb ease they are spoken of as 
“ alluvial deposits.'* 

The metals and minerals that are found in alluvial deposits 
are few in number, and for all practical purposes may be limited 
to gold, platinum,* tinstone, and gems, although certain rare 
minerals, such as osmiridium, are also found now and them 

Owing, however, to the great value of the minerals mentioned 
above which are found in alluvial deposits, and the tsuot that a 
very large proportion of the gold which has been won during 
historical times has been obtained under these oondHions, 
alluvial deposits demand very careful attention. They are of 
the greater importance to the prospector because, in many cases, 
alluvial gold and i^n are found under conditions which require no 
capital to work them, and, consequently, immediate returns can 
b(^ obtained when the discovery has been made. 

These alluvial deposits hav% been described under the chapter 
devoted to this subject, but some remarks regarding prospecting 
for them will be of value, and it must be understood that it is 
assumed that the district being prospected has not been pre- 
viously tested. ♦ 

River beds and cree& should be carefully examined, a pick 
and a shovel, a tin dish, and a large knife being all the equip- 
ment necessary. In the first place, the gravels of the streama 
should 1)6 washed carefully with the object of determwng 
whether any gold at all exists. Next, certain beaches along the 
course of the stream should be selected (see p. 132) and shallow 
pits sunk through them until bed rock is met with, and All the 
matepa^raisedl should be panned, bearing in mind that the best 
gold is j^nei^y found on the bed rock. 

A further test should be made by carefully following up the 
stream, especially when it is low, and cleaning out with a knife 
all jrevicesin the tocks in which gravel and sand haVe acemnu- 
lated, and this should all be patin^. In some cases, very large 
quantities of gold have been anted hy prospectors in a short 
time from “ cfevicing ** in this^wmer. » ' 

In certain dry coufstrigs, as, for iusl^noe, in Western AusUuHa,'* 
the rainfall is nit sufficient to gold "broken ddern^from 

the reefs for afiy dislance. In sUch^caseS there ate flats of 
greater or 4ess ^tent in which gold occurs through the surface 
soil for a depth of a few feet. 
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Wfaere^, sufficient is/ AVjlllibble to wfist these deposits, 

very good return^ can and, indeed, a lat^e 

quantity of .gold has W The most; 

primitiye adapted i»i have been 

screened one dish and gradually pour 

gr^nnd, the wind 

blowing. |;#iyiho lighter particles the heavier gold 
to faU;Jlitqj^tWdisb. This operatiph-lha^tO'lbe repeated several 
timos'e^tit it will be evident that .’by tll& .^^tliod of treat tneiit 
a gbaadeaVof gold must be lost, and alsb that what gold is savtjd 
canhbl/ibe properly cleaned. ; so that %ater will be required for 
thd^fi^l operation. 

jP^pOSit^ of this class are most usually discoVered in the first 
instance by nuggets of gold being picked Uj) accidentally on the 
surface; but when one or two of these haye been found, pren 
spectihg by dfy blowing is often resorted td over consichnablo 
areas.; • . 'j. 

These .surface deposits must necessarily ejjifat in the vicinity 
only of; the reefe or lodes from which they have,. been shed, and 
their occurrence affords considerable inducement to prospect for 
reefedii the immediate neighbourhood;, but tho gpld which is 
found 14 rivers and streams does not neoea^^ti^ .point to tlio 
close proximity of the reefs from which it waildorived ; still h'sa 
doeS;tI^^ occurrence of alluvial gold in bwii^feer beds indicate 
the proximity of reefs. * ‘ \ 

.lifvis very difficult to enunciate any .rtti^“,f<>^ prospecting for 
tliosb .buried deposits, but a careful proBpqi:^r ,%iU often iioticc 
thifc'a river or stream wliich he is testing/fapp^’s at 'certain 
poin^ to have altered its course ; havings iii %^^.&nnd it easier 
to cUt a ^nnei in a different direction originally 

followed;; it has done so. leaving its. the 

grave^^'-^d ^nds it^ had dep^sit^; ht^ 

In"';CaBes‘.,.sufeh as' thisj sink 

prosii^ing shafts through reached ; 

and; if .'the^ first is' not 
thedeej^'pj^t, of the' ch^ian0i''iiiVd^^i^^^ 
the bed^■^t)il&'yrh^eKe^t;^^l|^^yitlfc^":^^ com- 

Pei^j^ pro- 

spector has to make bimralf acquainted, is what ^aluje^nf ground 
will pay him to work, and as regards this no* information of any 
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2or 


Ij^pnclitioiis var^ia each 
oicWy diacov(jr 


ivorth can given in a boolsfj^i 
particular case, Ifo wi}] 
ifiiich gold ho can 
Tnand; and, comparin^^r 
he has had to expe^^l: 
sideration, moreover^!.^,, ,. 
hold in compfiiBce' 
that can bo workedi ftS^*^ 
a very accurate iJ 
Tliere are manj; ^i 

not sufficient to pa jr ihiner to. 

if concessions of ajia^e ii^ can be obtame4, 
c^n be secured rH reqaircment${: 

penditiire of capit^;.firf' on a large 
T*oll repay the coit» . tTndep most favourable condiiioa^,,'^ 
practically unlimited ^vater and a sufficient space Ibr^We^^ 
tion of tailings, as^loW returns as 2Jd. per cubic. yar4Bi&|l^'f 
made to pay handsomely. ; . 

The occurrence of alluvial gold or tinstone leads the,pi^s^e%^r ' 
to examine the country for the reefs from which these 
shed, and a careful study of the conditions which prW^;5^pl. 
afford much iu^matmn. In the case of surface de]pd»ite>tii'ia 
evident that tibe'^'^uritpy in the immedialie vicinity shotiId;/b^' 
(?xamined ; bat',^)iiero the alluvial deposit has Ifieen found 
beds of existing^^^cams'^tr old river channels, it is equiall|::.!c9^ 
vious that it may' have travelled a long distance from its 
reef. Under tKeaq conditions it is necessary to find out 
the alluvial depdwibs that have been worked are of prima^^W^ 
s(M.*ondary orig^i whether, in fact, they have been^ l^jlnn 
; directly and have hot travelled very far ; of wfahl/lier 

they have sufficient by natural jsluidihg.pf 

poor (Irifts to enable 

worke!^^ v'^' ^ 

In alluvial' 

guide ^ in : ' 

stream 

hills on eithfe;Me 
they are'-b^ei|f|(san;^uy5^^ 

with' soil aud'timker, r-- ” 

cut trenches^ ih dt-der to lay bare' any re^fs ; 

exist; the soil cut in»these shafts and tfenches should ali^o* be 
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panned constantly in order to ;^Ove whether the right direction 
is being followed: . 

When pieces of copp^; ^tj^^i^jliiganese, or other ores are 
found in river: beds or oii^ should be traced in 

the folldwing up stream as long as 

any pie^A of them be Afterw the hills 

shoidd W^ until . the Ibd^.or de^^^ discovered 

froiUr^n^h they have l^en broken, 

course^ often the case. 'notwithstanding all the 
oaje'that is exercis^ in tracing broicon mineiral to its source, no 
dep^^ of value are fodnd ; and it is .jk|tialiy true that most of 
the dmj^Hant mihes of the world have been discovered by 
aecideint^ and in many cases by people who have been quite 
ignorant and wholly unversed in the value of pres. Even, how- 
ever, if this, is the case, an accurate knowledge of the nature qf 
ores "and tie ability to recognise those which are worthy of 
»atiention, places the trained prospector ut a considerable ad- 
vantage, and enables him to utilise chance discoveries made by 
others who are not so qualified. 

An outcrop of mineral having been fouhd^ further investiga- 
tions are necessary to prove the nature of thj^ deposit. The 

tstrike having been determined, in the case of a lode, it is first 
^visable to test it aloVig the surface variouil points to prove 
its continuity aild comi)arative richness, ai different points, 
BeaH^g in mind what has already be^i: stated regarding the 
existence of shoots of ore, it must not be Assumed, because a 
lode is rich where found, that it will be equally, So at all points 
unbare ' it is intersected ; and equally, a lodq^ is poor 

wheie first discovered, there is no reason to suppose that further 
surface prospecting along its course may Uot|, diso^^^ parts in 
which valuable mineral ^occurs. 

It will be within the Jcnowledge of 'ef even 

of those with but limited expellee, been 

diSii^vered which caniea v^uajbfo other 

claims' marked out along end 

orthe;pijhobpectdt^;^lialm legitimate 

undor^kihg, it' position 

of the 

lode^ 

W]ien'hUr&4^'|ir^j^^ ■inu^''’lnfbrihation as 

possible, some sihklpg/And driving should qpijlertaken to 
prove the continuity and value of the dep^it in depth, and here 
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it is impo^nt to emphasise. a prospector's business 
is to prove, at as small value of his 

discovery, and not to ultimate cheapest 

method of extracting4|ei§s|lt3Sl|t#:^S^ impor^nl^^* insist 
upon this point, bedafiSiS^TO<ft 3 P%]t%^^^ 2 iiei^.'afl^deh^y^^;^ 
discovered on the ' 

vertical shafts ; so locftte)ife;i^fife_.;strih''e.^the;‘;h>d4^ 

downwards, at a deptfe^bjf^' ea;j^‘/100.’ifefe4''ft’it>m'^ the 

shaft being sun V^r6u|tf 

nothing whatever uh® is intersooted,; 

it is only proved at the jB^tu«U, point of interseotioiy^ may 

be abnormally rich onT tie bne hand, or on the pinched 

*and poor as to offer but , little inducement; 
many good pi’opertfes have been abandon^ 'by; ^e|wi^ih*i 
»2>roapectors owing, to this having happened. ^ - ; • 

To acquire the greatest amount of information Sft fjolhiijeaum 
cost, the point sl^uld be selected on the surface where, we foef 
is at its best, and, having determined the extent ali^g the 
strike, as nearly as possible, which carries payable mineral} the 
shaft should hp placed about the centre and sunk pn the Under- 
lay to a depth of lOO feet, or less, if the water level w ^ched 
sooner; and^fcpm the bottom, levels should be driven Silodg the 
course of the Ibde aa long as tie mineral is of sufficient to 


pay. ''-V-- 

It will be s^en; that by these means a block of groh;nd-;caiii 
be cheaply opetiedi in which a certain quantity of ore 
measured a.nd.samEl^>,*^^d accurate idea of its value ob]&m^* 

In measuring up qtiattz it ia usual to estimate 13 cuWo iWtlfe' 
the ton, in the solid, so that a vein 3 feet wide prpyed'-to a 
depth of 100 feet; and for lOp feet along its line of str^e v^Ould 

contain a.307.ton8. 

TM^tond be seinjileiii every few feet and:tii^eb.,from 

wal 1 to '*® ^rive at fair estimate of ii^.y^ae. 

In folldwi^;^l^.ot^^^inUJ^^e!|^ than, go^d, it.ipust W.bqnie in. 
mmd, that iiEsny b)f.ithiemvhi»^ virKeo 

exposed td ^e 

the natntft Of; the. iUffi' ifethC ^ .yeiyJdiB^t .to 

what willibe foufad'ui 

very liable *o d^rngoifo ^ 

soluble, to' lje’^Trie4-a'«#^^|M0h.-.h3^^^n«'.'-fi%-\‘4* 


most copper oAs are^assooiitwr *dtk bf 1^ quimtity 

of iron (sed p?165), the outcrops cf coppeif lodes are very 'fre- 
quently representcld by a porous ironstone, ^hich is called 

14 
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“gossan,” and no sign of is. found until^ some ‘depth has 

been sunk^i Generally of porous gossan 

may be lopked upon as lor mineral in depth ; 

whereas^ a.dbiuse ironstone deposits of other 

mineral' ' </ ; ‘/■‘v'?; J. ' 

TheM^]j^5^i^in pbipt^V^^^^^jlf f rocks which 

should^V^b^e ins^nb^j, tinistono is' never found 

at anyvjgi^^ dis^ from the Junij^ibh ot granite with some 
other ':^^,.genei:^ly slate (see p^ lT^j- hpior^ver, the class of 
graniw ^ tinstone occurs, is lalhaWt invariably one in 

which :^hit6 inica forms an inaportant consl^tTient of the rock. 
Ooppei;'>0res a^re in moat cases associated rocks of a dai-k 

green ^Ibur^veROh as diorite, <fec.» and Very large and 

imp6lt$^V depo^^ are associated 'Vith serpentine (see 

p. 169); ;£ead pres are largely associated with limestone forma- 
tions, as also are ores of zinc ; hut, while ^ all these points are 
worthy of 'attention, they must not be taken as forming any 
invariable; rules. , . 

Many bf the irregular deposits to which att^tion has been- 
drawn in the earlier pages of this book are of jgtebt value, and 
certaixL.of ihe rarer minerals, such, for instancb> ds, sulphide of 
bismuth. and native bismuth are found in thesbdbp^its; A few 
iv'marlcs regarding' the work of prospectihjg.^. ’^il^^W be of 
importance. , ’* ^ 

TiieabV nregular deposits arc not only irreguJay m their mode 
of ,ocetit]j;Vub<^> hht vary indefinitely j^th in shape; .so 

tha^^no^ one by surface indications is a^ble/tb jfor^ 
legs^rding their extent. It is even more in t'esting 

thpsbv deposits when an outcrop has been found, than it is in the 
case pf at.reef^ to follow them, careftiUy in wpykmgs. Any 
drivp 3 „ or shafts, which may W cpmtnem?^ the 

direction, of the ore, no matter., ^ 
will i»' quite time enough to ^ore, 

after itii extant has been 

speci&ihg . works. To /sum ijpSithb^qn^tiqh work 

which should be uhderf»kehv^;%^^ said, 

“ Wbw'%d,ore ha^' '-.v ^ *>;: ' 

come 

under 

may or 

phosphate of lime,^i^unlteb^^ spaa, a^d scheelite 

or tungstate of lime, all of Vrhich are valuable i^fo^d in oon- 
isiderable quantities and in easily accessible positions. Even 
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iita 


the better varieties of and lithogr^^phic stone, 

vrhich occur as rocks I sfttention wheB vrell 
situated and of iron[itonG| 

' are 

sufficiently fich,. 
acid, to allow of 

however, is one’wfe? . « 

such as these, 

lci7ul carriage wduld and of 

i*l:o prospector* . Ij^;;ldi^j|ltii^'d^ 

valuable ores arii'^bt^y of aitention ; an^;( 

it is only in the or gems trat are 

likely to be gr^Bp^e^^' • /; '' ' ' ^ 

» Nothing n‘eed ;be added to what lias already bde^i 
ing gems. They'^^are nearly always found" in 
indeed, the di^^gioiid has only been traced to its'jpaii!^% ’iock in 
8. Africa. In.pifospecting any alluvial drifts it ihu$'^ 

' a matter of importance to carefully examine any of ttiejlieavier 
stones found in, pausing, tb see whether any of ihe$o Valuable 
minerals exiflti if; ;, / ' V; 

Gold aiid '^siiyor frequently occur under condltid!dj^"^hich 
render it in^b^Jiblc to recognise them, and estimate 
except by as^y* ;fiold, for instance, is very frequen^Iy^ai^iiated 
with pyrites^l^S^j Wb^re this is suspected, it is bette^^to^ the 
hnely ipog as any smell of burning sdlj^ho^r 

detected, can generally be sben4nt^^!i^^|B^ 

but ilfis ne^aaw^;^’bven then to assay the ore to ^et€rt&%;w|iat 
quantity of''g0]^;is,|irei^nt.; ' ' ^ *• - 

What about . goM is even more to 

silver, doom’s in a. native is 

geqorally^sfl^SM^^j^^ Other l^ad bret, ’dr 

copJSig; linpdrtan^^-d^^ in 

which ^ Ko 

estimatofbCfeW-^lde.qf galond fdimod, 

is not £ 

but occuTf''iu* graiifli - 6f‘ 't^stbiL, -being 

ahsolutekyrbalren. In sampling p^ ritons ores or lodes carrying 
galena, for purposes of assay ; indeed, in sampling any ore with 



212 


PBOSPECTINO FOB XINBBALS. 


the object pf making ch^miqal tests regarding its contents, it is 
necessary to take sts large possible These should be 

taken from all parts of the.Jlwite and^ after heaving broken 

tlie large samnle thus size, the material 

should be^yjdL tp^ed ahd quart^red^ jbhat part selected being 
crushe,d^^]B|LOrfegaih‘; so,on, until: the last lo^, from which 
the saxaplip^^r a^ay is taken. should be, reduced to powder. In 
sampling: a]i,;o.^ in which the perpehtaj^ of pyrites is compara- 
tively it is frequently better to emsh a^lr quantity of it 

fine ; having taken a weighed quan^y,' to concentrate by 
panning, and only to assay the concentrates. 7 Of course, if this 
is done the freight of the concentrates obtained must be taken, 
and the assay results apportioned to the^orhple ore* 

The lueth^s of triicing coal have 'been so fully dealt with 
elsewhere (see p,. 81), that it is hardly necessary to make any ' 
further remarks on the subject. It, therefore, only remains to 
recapitulate as briefly as possible a few hints fo]r the guidance of 
prospectors. 

It is obviously necessary that some attention should be 
devoted to mineralogy, not in the fi:en 8 e of distinguishing all 
the numerous varieties of minerals which exist, but the 
prospector should be able, by simple blowpipe , tests, and some 
knowledge of their physical characters, td with 

accuracy the move important and common minbi’ttli Whenever 
he flnd^ a mineral which he cannot recognise himself, it is 
always worth while keeping a specimen, and hbting whence it 
came^ for subsequent determination* 

He should also make a study of the ,^ 8 ociiitions qf minerals, 
noting the usual combinations which occur, and which have been 
alluded to, through this book/ , ^e minerals ;Whioh may be 
mistaken one for the other should %lsp 1^0 catefpliy Studied, and 
the tests which serve todisti^^ti^^tl^ejiH-^/^^ of the 

different classes » of rock' 

possibfo information should the 

minerals which occur assq 6 iaj^fw|t|(|||<|^i^;;i|u 7 b^^ ; 

and, fina%^ so much st^igra]^i|^i^^ 4 j^lp^^sh known 

astp iiippraiM'ujfkin^'hiih'it^^lff^^^ in'a 

new looiHity thaiv mineral 

contehts/' o\ ' V ' W;' 

Al>oves,| 4 l thq pi^pectqr^ must be 

practical,' iqu^t uhtu helhas sufficient 

grounds from kctuidrdbWr'^Imn W tbeih. ' Ho must 

test his ground carefully, and examine all the dotaifs, which bear 
upon the question, dispassionately, with the'* object in view of 
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proving* to himself whether, or, ho, any discovery he has made 
possesses the elements of a ttnMemftti .mine, if followed up. It is 
always an unpleasant an undertaking which 

has been commenced J <JMit nrttch bettor to do this at once, 
when It is apparent thak it irul HOt I»y, than to oontiatm working 
an unprofitable aiTair. 

The prospector has alirtjfa to be oareFul not to decewe Wmself 
and not to be led to condluaions whiidi ho desires to form, if they 
are not supported by. facts ; and this is perhaps w most difficult 
lesson of all which he has to learn, and one whitb Is sometimes 
never learnt satisfikotorily. It should therefore be always 
remembered that, although every prospector must be sanguine of 
success, his hopes must be temperM hy judgment;. ^ 




QL0S8ABT 


Abuaded, 

Ac in 

• AcTlVOIilfiC 

Ai»\m\ntine, 

Anwrvijv 

At Ml*, 

Ar,t KiTuMIOT^, 
\l VBANDlMt, 
Al VPASlLli, . 

AjhiiEi • 

AlK\UlliS, . 


Bednoed to powder, ^ 

A Ibodt ooQtauuDg hjrdrogM^'wUDli hydrogen 
ttiAT be replaced hy a metAl, ^ 

A -ranety o£ horbUeade* see p. dO. ^ 

Diiuuond-liko. ^ 

BUicate of alumina and potMh » variety of 
orthoclasei 

Silica — mixtures of cbaloedony in layen with 
jabpei, aincthystf or quartz. 

A cohercut group. 

Sulphide of manganese 

Hydrous sulphate of hme->a compact form of 
gypsum. 

Silicate of alumina and soda ; a felepatv 
Hydrates of potassium, sodium^ lit^ani, and 
ammonium. 


Aiiophane, 

Aiiuvul, 


Vi MANOfNB, 
Al . 


An H*NV, 

A LI MlNIl &Ct 
VLUNlIJi, 

\ ^ VV, 

> Allow, 


Ambvb, 

AgiiHiiHr, . 
AMowiioOd, . 
^Ml'UIbOLMM, ? 
AMroDAWipa, 

e 

# 

Analoime, / e . 
ANAMisir^ ^ a, 
Andalusitk, • 


. Hydrous sihcate of alumina ; a hardened clay. 

. Matter recently washed together by 4he action 
of watei 

. . Noble garnet 

. . A sulphate of alumma and ^ther notaslt soda, 

t ammonia, magnesia, or iron ; soluble in water. 

• . Omde of aluminium 

. . A metallic dement 

• , Sulphate of alumina anS potash; a seearoe of alum. 

. . A silver ore consisting of silver and meicury. 

. . IntimaAe mixture ; used to describe the absorp-^ 

tion of gold by mercury and the metImeU of 
e0eQtliig4to absorption. 

^ . Afuseilgube* 

. . Silkn ^ a purple variety^ 

. Haring imde&dtactye«l^iimf^ 

. ^ Horiiblende eodt ^ 

0 • usufeirriy &M with 

./ . Hyebtna fldloato of alumina and abda ; aaeolita. 
. A vanety of sah of medium toature* 

^ A silicate of alanuna. 



216 


GLOSSARY. 


Ani>e&itk, • 

t 

ANtiLBBTTE, . • 

Anhydbtte, . , 

AvnTI'HOUS^ . 
An.vabeboi^ 
AnOKTHUMj . 
Anthraoitr, . • • 

AxTioum^ . 

ANTIMOfiriDBS, 

Aniimont, . • , 

Avatitb, . • • 

ApophIIllits, 

Aqiamariks^ 

A<}U£01I8 RcKJKS, . * 

Ahagonite, . . 

Arch PAN, , 

AKGKNTiFfiROtrSi . 
AROBNTm, . . 

ARKOHK, 

Arqi^kbitb, . . • 

Abhknutcs, . 

Absknxc. 

Abssnioes, . 

ABBJESTOSi . 

Abphaltuk, , 

Auan% . , . . 

Aubipsbous, . 

Azubitb^ • t • 

Baotllab. • 

Backs, . . • • 

Back 3Lbaz)S, 

BaNDKP Yl^Sy • 

Banker, • i ' * 

B^urbh, • • ' * 

J3\AYTSS, 
B\uytooalcits, . 

iiASALT, 


An igneous rock composed of some glassy matter, 
plagiocSase felspar and hornblende or aogite, 
^Ana Aomettmes quartz and magnetite. 

Sqlphate of IsiuL 
Bulphate of lime. 

Without water in its coxDi>osition. 

Arseniate'of nsckeh , 

Silicate of alumina and lime ; a felspar. 

A non<bltuininotis coaL 

A saddle back ; appHs^ strata when bent like 
the roof of a house. ^ 

Combinations of antimony with metals. 

A metallic element. 

A phosphate ol lime. 

A hydrous silicate of lime with potaesium flnori Jo; 
a zeolite. 

A siHcato of alumina and glucina ; a \arioty of 
ber 5 1 

Rocks that have been depicted in water, wbotlier 
as sediment or by cheim(^iii i>recipitatK»n. 
Rhombic carbonate of lime. 

Pre-Cambrian rocks -see QtcHogieal Tab!(, 

•Silver bearing, 

Buliihide of silver. 

A rock formed by the disintegration of granite. 
A silver ore consisting of silver and mercuiy. 
Ccm|x>unds of arsenic acid with bases. 

A metallic element. 

Compound of arsenic with metals, 

A white variety of hornblende in long Hexiblc 
filaments, 

A mineral resin. 

A silicate of lime, magneto, and iron. 

Gold bearing. 

Blue carbonate cf eop^* ^ 

s * 

Gronjiad in bundles Ukt sttelnh 
The ground between A level In a mine and the 
n«Et workings above, or the surface. 

A term eimUed to black'' jand '* leads ’* on coast 
Ihies wtoch are abgVe high water mark. ' 
Veins made 'up of layers of different minerals 
patallel with tke waBa ^ 

Antiferous t cosiglomecates cemented together 

veith ^jpoartz. a c ^ 

Nci con tabling minml of valne. , 

Sulphate of baryta. ^ ® 

Carbonate of baryta and lime.* s 

A volcanic rock ; see page 9. 
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Basks, 


Ba'itkbt, . , 

Beddr]) Viunr, , 

BEnniN(;, 

Bki) Rock, . ^ . 

Beos, . . , 

Bkkyi^ . 

BiOTriK, , . • 

Bismuth, . ^ . 

BlHMllH (xLANCK 0R> 

^ lilSMClUrNE, 3 

Bismuth Oohue, , 
BmiiirmR, . 

Bin MKN, 

BlTlMlNOUS, . 

BlaoK B\Nn iRONS'JpSfE, 

Blm’k Jack, 

Bi \< K .Sand Bkachks, 

Blende, . « 

Bl OODSTOKB, 

Blow pipe, . 

Bohhbad Minkral, 

Bobaui te, , ♦ 

Bdkax, •. , • 

1^)RIN(3, 

Ik>KNlTR, 

BOTIlYOIDAt, » 

Bottimm, 

B0UA!\AtE, p 
Braunits^ * 

Brazilian KhskalDi' 

„ BAFlfHlIUi^ 
Breccia, 

BRBi'i’HAtimrB, . 

Brink, . 

Bkouahgybitr, • 
Bromidk, . • ^ 

Bromink, . ' f 

Bronzits, ^ t. 
Brookii'b^ . 


Oomi^unds which are converted into salts by tho 
action of acids. ^ • 

A maohhis for 4iruahing ores. 

Veins tunning parallel with the strata in which 
they ocenr, both in strike and dip.^ 
Strarihoation; the arrangement of stratain layers. 
Com^aot rock underling loose or incoherent 
sti^ta, such as alhiVial deposits. 

The thinner subdivisions of sedimentary rocks. , 
A silicate of alumina and g!u.cina» 

Magnesian iron mica. 

A metallic element ^ 

Sulphide of bismuth. 

Oxide of bismuth. 

Hydrous carbonate of bismnth. 

Pitch or tar. 

Containing pitch or tar. 

Argillaceous carbonate of iron with bituminous 
matter. 
i2ino blende. 

Santis containing magnetite, specular iron or 
titanic iron. 

Sulphide of zinc. 

A dark green variety of quartz with specks or 
veins of jasper. 

An instrument to cast a current of air through 
a flame. 

A shale containing a large percentage of hydro* 
carbons. 

A borate and chloride of magnesia. 

A borate of sodt^. ^ 

Sinking holes by means of rods or -diamond drilla. 
Sulphide of copper and iron. 

Uke a bunch of grapes. 

See liiUe Bottom, 

Sulphide of lead, antimony, and copper. 
Anhydrous oxide of manganese. 

A variety of tourmaline. 

ff »* * 

A conglomerate of angular fragments. 

Antimonide of nickel ^ 

Water impregnated with salt. 

BroD&de of silver, 

A compound of hrotniuc ^th a metsL 
An element ' 

A silicate of magnesia and iron. 

A form of oxide of titanium. 
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Brown Coal, 
Brown Iroa Ore, 

Bl NCHES, 

Bun TER Handrtonc, 
Bijued Bivebs, 

Cadmiuit, , i 

^:!aibnoobm» 

CALAHlNEf , • 

('•alavebit?;, . 
Caluarsovr, 

„ SlNTBE, 
Tufa, 

<’au iMnoSt 
(\ioriP, 

CALriUM, 

C’alomsl, . ^ , 
Cambrian, . 

Cwiiitf . Coal, 

Cauilla&y, , 

Carat, ... 

C \KlRiNACBOUS, . 

Cmwaah, . 

('‘aLWNATES, 

<'\KPOKic Acid, » 
Cabhonifbboup, . 
Carbowwatiok, . 
CutNAUirE, , 
OARSIiJ/lAN, . • 

Carino. . • 

OASsrCERtTi^ 

Cat?^6 Eie, * « 

OAUNTEBlODEf » 
Cave l>E»)9m» . 

CsLiiH'nKJff* • » 

Ch.MBNt» . . » 

(^KlirWlTE, , 

Cluvaktjte, • . ♦ 

CjL\ 1JUITE» . ' f 

C’HALfAVTJUTE, . 
I'UALOEDONl, 

Ckalcofyhitb, , 


. lignite ; a hydrous coaL *• « 

. limonite j a hydrous oxide of iron. 

. Detached irregular znasseb of ore in a vein. 

4 A sandstone ht the base of the Tnasdic syateiii. 

• Biver beds which have been buried below streams 

of basalt or alluvial drifts. 

. A metaUlo element 
. Smoky quarts. 

. Carbonate of xino. 

• Telluride of gold. ' 

. Containing carbonate of lime. ^ 

4 Calcareous deposit from water. 

• ff n *» 

. Boasting at a gentle heat 

. Hexagonal cailxvnAte of lime* 

. A metallic element 
, Chloride of mercury. 

4 See OtdogUnl Tahlt* o 
, A r<»al yielding a large quantity of illumiT»,itmg 
gas. 

4 Hair bke. 

. 3^ troy grains. 

. Containing fossil carbon. 

. 1 rr<*gular offshoots of mineral from lodes 
. Compounds of carbonic acid with a base. 

. ( Uibonu* anhydride CO*. 

4 See Gijofogiral Tattle, 

. Oonvorsion to carbon. 

. Chloride of inagnesia and potaih. 

. A red variety of quartz. 

, Clayey material found between a vein and its 

. Oxide of tin. 

4 Oriental cat^s eye is ebrysohery! and false cat’s 
eye quarts endoring fibres of asbesto.'*^ 

4 A diagtmSl lode. 

4 Irregular dcpostbii of Miefal in the caves gener- 
auy found In iimeaton^ 

. Sulphate of stroatja. 

, Auriferoi»iOenglomsrBte. 

, Carbonate of lead. 

. OiSdoof antimei^y/ 

. Hydrdbs eDlcate ofuidumfua, liww, poUsh, and 
so4a$a«eoUte ^ ^ 

4 jSuIphate of copper. 

. A variety of quart/ 

, Sulphide of cupiHiL and iron 
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CniAsioiiTic, . • . Silicate of alumiia 

( iiiowTjiiTE, . • Araenide of 

i Hiouji>j.s, . CompouaMj* e< with metala 

1 m oi IN \ j ION, . Coinve*»to pf »ol 4 into chlondt of gold by tho 

aiption df eblonjh^ 

( HLoiuNF, . • .An elw^t 

(Hioiiirb, . • • , Ahydi?Ott«i|&e«fc 0 af inaRtterfannd 4 ttt^^ 

( HiouoBROMirjiis, . , C^impoohdeof cbloxineandbcoiiiinewiih in«^ 

rinioMu Ikon, . • A ohrotoaie of iron. 

CifTOMnii , . • - ,* ,i 

(iiK Mii\r • . j A nseti^c element 

( Tij \s ji I Rii, . . Alnttiinato of glnoioa , a gem, 

i‘-ororiA, . . . A hydrcm^ silicate of copper, 

( ] 1 Y NOi n f . • Silicate of mi^esia and iron 

( li ) Y SOI R \s} , . . An apple-green variety of quartz 

( Ai Y s(» I II L Hydrous silicate of magnesia » a fib^ms vanOty 

of serpentine i 

C INN \ i \K . Sulphide of morcury 

( 1 1 1 iNJb. . . * False topaz a yellow vanety of quarts. 

( j YY . . .A hjdrated silitate of alumina m very finely 

divi(j|^d paiticlts 

( 1 \Y Si Ml 4 A ^late foimcd by the induration of clay 

< II \\ i( i<, , . • . The propel ty posstshed by certain mineralfl and 

Tuiloi of splitting more readily m ceiUm 
directions than others 

(Si \\ 1* Flakies, The pi mes along whu h cleavage takes place 

1 LIN All riLi, . . .An instrument for moa'^unng angles on a verti 

cal V all face 

(CM • . • Fossilised carbon lormed by the oarbomiation 

of v^etable matter 

( c I M 1, • . . A metallic element 

1 ( H\i 1 Jlroojr, Arsemateof cobalt 

*< nnj III ERous Wad, , Impure oxide of manganes^, containing cobalt. 

1 (Yi Ai iiKiiROUB MispiOEUlif iduljdiide and vnemde of Iron, contauuog cobalt 

( op\LiiNE . . • Sulphide and arsenide of cobalt 

( < u MNv^ ^ . • tn the form of oolumns 

( oitMNs (cl^Ofia), • , Deposits of ore m hdes having a small Igtevalt 

but considerable verticak extent 
( Veins, Seo Sanded Vem$ 

( oMi itiriELb, . . . Capable of bemg burned. 


( ()N( HOJJIAI, , ^ 

( ()N( 1 bXION, . • 

( I N( ENIAL, . .• . # 

a 

(VlNGLOMERATir, • 
CuNiAci DkioaiVs, • , 


BhelMdce, 

. A nodule lorfhed by the aggregation of mme^al 
xqafttf from mthont round some oentra. 

A term appbad to rooka ]% which lodes become 
y ore-beaihoeb 

y Consolidated ^(ravel 


. Mint ral lU ixisits occunmg at the hue of )unction 
I of two disbiBiiLu rocks 
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GovroRTiov, . 
('orphR, 

COPPKRA.S 
rOPPKK GlANCV, . 
CopPEK Nickel, . 

i\>PPBR i^KWacSj . 

Copper Slaye, . 
COPROUTES, . 

CoRDijeBPnB»*. 
OoBUKDnK, . 
CoTKRinNODSi • 
OoiB»BR (of 0RE)« 

CoVELLUm^ . 
1*RA1)US, 

Crair • 

Crateriforv, 

Crei \ceocs, . 
CrEVIOINOi • 

CiiooiixiLaTii, 
CH(HX)ISITK, , 

( ROSS Coun^F, . 

fjRYOLITE, 

Cryst \LUSAT]0N» 
Cure, . 

Cuprite, . ^ * 
CTANIOAtlOSr, 

CTARtTa, 


. Oumpling and twisting, 

. A lueiaUic element. 

• Snlpbate of iron. 

. {Sulphide of copper. 

. Arsenide of nickel. 

. Sulphide of copper and iron. 

, Slate imprcEARtfid with copper minerals. 

. Phot^hate of lime; petrified excrcmcmts of 
animals. 

• Silicate of alumina, iro(% and magnesia; a gem 

, Alumina; a gem. 

• Finishing at the same point. 

, Deptisitff of ore in lodes having a small \ertical, 
but considerable lateral, extent. 

, Sulphide of copper. 

. An apparatuM for washing alluvial gr>l(l, mount* 1 
on lockers. 

• A daui built of crates filled with stones. 

. In the form of a crater. 

, See Gfohfficol Tahle^ 

, Searching ♦he crevices in rocks forming beds 
of streams in search for gold. 

, A fibrous silicate of iroUi soda, and magneua. 

• Chromate of lead. 

. A vein mtersccting another of greater geological 
age, wliich it frequently displaces from its 
original course. 

, Fluoride of alumina and soda. 

. The aifeumption by matter of a definite geo- 
metrical form. 

, A solid six-sided figure, of which each of the 
sides is a square and all the angles right angU s 

• lied OExde of copper. 

• Conversion *of gold into a double cyanide of 

potassium ana gold by the action of cyanide of 
potassium. y 

• A silicate of alumina* 


Dead Wowt, 
DjH;rateFtTAtEv 

Deep 

DboradatioR, 
Dekydratkd, 
DBNfiumc, , 
DF.NUDATtON, 


, Work in unproductive gtound. 

* Explosivs breaking up into fragments when 

n^ted bsforii the blow-E?po. 

• Alluvikl dpp^sitg'of gold or tinstone buried below 

a considerable thickness of soil or rock. 

, W««r!iig»w»y. » * 

. l>eptiv,dot water. 

. Like branches of trees. v ^ ^ 

. Stripping by water aqfl other agents. 
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Dktuitus, . * , 

J)BVONlAN, . 

) >rABA8E, • 
Djallauk, . 

l)lALLOf,lTK, . 
DkMONJ), , f 

J)tatoms, 

1>1< IIROIO, . 

DlOKKOnK^ . 

yiOPSlDK, . , 

1 >l01*'rAt<E. 

DioniiK, 

Ulp, 

pIrtINTEOltATlON, . 

l>I'>Ln<'ATION, 

Distuhnk, , 
Dolrri rS) 
UoLOMriK, . 

Domks, . , , 

Domh^kitk, . 

Dkkduuio, . ^ • 

l)Km\ . , , 

Umsy, ^ . 

Oui ORRb, 
l)l CTILK, ; 

OUMP, . . • 

IniNHlC, . , 

JhKF, . 




• Accumulationfl from itio diBintegration of exposed 
rock sutf^es. • 

. 8ee Oeatoffi^al TMe* 


. An igneDv^ «ook» see p. tf 
. A silicate of lime and magnt*sia. 

. Carbonate of manganese. 

. GrystaUiaed carbon ; a gem. 

. Minnie plants whieb are provided vrith siliceoua 
envelopes. 

. Exhibiting two different colonrs ^hen light is 
tThnsmitted in two different directions. 


. Oordierite; a plicate of ahindnaf innif and 
magnesia. 

. A silicate of lime and magnesia. 

. A silicate of copper. 

. An igneous rock, see p. 9. 

, 'The angle of inclination of beds or strata 
measured in relation to a horizontal line, 

. The ])rcaking asunder of solid matter due to 
chemical or physical forces. 

« The displacement of rocks on either side of a 
crac*^. 

. Oyanite ; a«. silicate of alumina. 

. An igneous rock ; see p. 0. 

• Cai'bonate of lime and magnesia. 

» Strata which are dipping away in every direction. 

. Arsenide of co]>per. 

. Hairing material from below water by means of 
a dredge. 

• Loose cnunbly alluvial dejioaits. 

. Cavities in rocks lined with crystals. 

. Silver ores which do not contain lead. 


. Capable of being drawn into wire. 

. A apace below place of delivery where tailings 
can bo deposited. 

. A massive olivine rock in which small grains 
of chromite are interspersed. 

• A vortical or highly dipping injected sheet 
Of eruptive origin. 


Effiohesokkce, . 
EMbTlC, . . 

9 

Ei-atkiutk, . ^ 

. • j / 

Klkmknis, 0 • t « 

Klkvatiun, • . 

El\ an, 


« Crystals or pow'der formed on the surface of 
minerals, due to thrir decomposition. 
Substances capable of being stretched and then 
* rei^ni^ng thsor original f ornv 
. JQl&tio bitumen ; a hydrocarbon. 

. An alloy of silver and gold 
/ Substances Which have never been decomposed 
, A front or^shle vn w of anything. 

An igueous rock, see p. 9* 


* •• 
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Emuolitk, 
Emkhalo, . 
Emkby. 

EXAlICJlTli:, 
EN’rtTATITB, . 

■ ; - . 

EpIDO'I'E, ‘ . 
ErsoM Sait:, 
EnoDiNe, V 
EkUBISBCITBi . ■ 
EnurnYfe, / 

’ \ 

ERYTHlttHl!, 
ExcllKSOBUrS^’ 
KxEOIilA'fE, . 

J'AULBANI>8i • 


Fa(/Se Bottom, 

FaI I.T, . 

FKr^rAiii^ 

pRURuaJKors, 

Kiukoob,, 

FlIi»;LAT, , . 

FISSUB;E^^, 

FisBOliB Loo*?. 

Flats <of Ore), 

FLOccriOTT, 
Fuh>r> . . 

FLOto, ^ . 

Fluor # 

FOOTWALt, 

FOBBU^yBjioCte, 

FosbtUV . , 

FllANKUI^JTKr ; > 
Free Miluro, 

FRKIfttKBENlTK, 

I'ULLieiUi Eari'H, 


. Chlorobromide of silver. 

. . . alumiuaandglucina; agftin. 

, An iliooui^ variety of corundum. 

. . Snlphid^ iireemde, and at>tiinonide of copp« r. 

. , A silicafe of magnesia and iron. 

, , See Tabk. 

, ' A liydrons ^icate of alumina, iron, and lime 

. . Hydrous Bdlphato of magnesia. 

, , Gradually wearing away. 

. Bomite ; sulphide of copper and iron. 

. . Formed hy a violent breaking out 'i i nclosed 

matter. 

, . Arseniate of <»WL 

, Grown out of. 

, To peel off in haves from the outside. 

a 

. Zones of chn>tallifte schists impregnated with 
metallic muphidef which influence tlio nehnf'^^» 
of lodes passing throxig^ them. 

, In alluvial mining a Htratum on which aurifiT' *i i 

beds lie, hut which has other l>otti mis heji rt . 

, . A rlisplacefaent of^ tlie .strata acc«»mpHiiied hv a 

fracture of the rock. , 

. . Anhytlrous silicate* of ‘aj^na and of an alKi'U 

or Jime. . ' . 

, . Containing iihn^ 

, . Oonaietittg of flbrj* whitjit cannot be i .imIv 

separated.. C' 

. A Bilicateof ahimiiufc thkif wUJidJmd intense 1 - m t : 
it is almost entirely f tee JCroin alkalies or hm.*. 

, . Open cracks, , \ 

^ A lode occupying what sm once a libRure oj .i iied 
by a moYcnicbt -of tfec iwka. 

' y'- BdcSw, contadi^^ 

. ’ The . rcmaW hf .<>* adimalH accid* ntally 

V ' , % l^ned 15 the ^ . 

; y-y pi!d« df irom^canil raanganose. 

’ ydctf their'^bld^ct silver to aioalga- 

, V A sulphide of sllve^r lead, ^ud antimony. 

, » Soft unctuous clays employed lif the treatmirit 

of woollen goods, * 
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Gabbro, 

Oalkna, 

<TAr.MKI, 

GANttOTi:, 

GAKNK'fS, 


Gabnierite, . 
Gahh Veins, 

Oh-Anti^ainal, . 


# 

GeLA'I’INISE, 

, .(Jkolocical Table, 


. An igneous rock, see p. 0. 

. Sulphide of kAd * 

. A zinc. . 

. The ik n lode in which ore occurs. 

F Anl^dr^ sHioat^ of altimina and the earths 
colohXfed hf oEidj^ of iron, manganene and 

. A of nihifeL/, - ' / 

. , J^saur^S; i^hich are' conj^hd tp 'imrtioular rocks 
» - . or which (k^nbt adjoining 

rocks. / _ ' ' ‘V 

. I>oibe^«diaped ^iMudinfi^ strata 

. or, fomatiOn, but of the carth’O cthzt covered 

; >wtth ita strata which or BaoY 
. ' contorted. 

. . Become like jelly., , , 

, ’ The rocks which cohstituk the earth’s crast are 
divided according to their relative position and 
. fossil contents as in the following table ; tliose 
at ilie toi> of the table being the youngest. 

Post Terliary^Recent and Pleistocene. 


Tertiary 
(Oamozoic), 

“SSS), jilss' 

f Permian. 


/ Pliocene- 
J Miocene. . 
') Oligocene. 
VlSoceno. 
j Cretaceous. 


Primary (pt) 
. ('Palseozoic), 


Oarboniferoua 
Devonian. 
Silurian, 
t Cambrian. 


Gko-StNCUTNALi. 1 
(Sehspobffito, ^ , 

(jrEYSlOliS.^li . 
fiLACIAl l)kl‘OSWSB,' 

Glaotrb Drfoswh* 

Glaiibkh Salt, . 
GLArtv>ix>TE, . ■ 

Gneikw, 

• 

Goetiiitr, . 9 

Gold, . * 
OosLABim * * . 




' ,Ba|d|i'shAkped bendiuga of the earth’s croBt, the 

/ ;..V-riMrei?ieof ge-anticlinak^ , . 

' V •^Mnaweiadeofw ^ 

. Iniew^ttent boiling springs. ^ 

- ! ‘ formed by the ice sheets of. thegladal 

V formed by exUtiug '^piers or tlieir 

fonaerostensions.^ v .... ' 

Sulph'ate^of soda. ^ / - . T 

V , . variety of ' 

* . .As gTAhitoid rock ik which Ibh liriiierald 

^ # .areammg^l^i foye^^^ 

A Kydrouis ui^'cf iron. 

A metallic element. 

Sulphate of zinc. 


/ 
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OosSAN, .... Hydrated in'roxiilo of iron often quurtzose, found 
' ^ capping lodes that contaiu ferruginous iiiinerale. 

(iiUNiTK, .... An igneous rock, see p. 9. 

Ghanvlar, .... In the form of grains. 

Oh WHITE, .... A form of carbon. 

/^iHKisEN, .... A granitic rock consisting of mica and quartz. 
<iKEY Copper, , . . . Tetrahedrite ; a complex copper ore; seep. 163. 

(iHo.^suL.\RrA, , . . A green variety of garnet. 

< Hydrous sulphate of lime. 

Jl-rMATiOR, .... Anhydrous oxide of iron. 

Hai-loysito, . . • , Abnnlclay. 

Han(Jin'« Wai.I, . • . The upper side or boundary of a lode opposite 

j, tlie foot wall. 

Haumotohje, * ■ . • . Hydrous silicate of alumina and baryta. 

llAirKRiTE, . . ' . . Sulphiile of manganese. 

IIai sm.ynntjte, . • . Anhydrous oxide of manganese. 

Haly:;k, . • « Silicate of alumina, soda, and lime, ami sulphate 

of lime. 

Hkave, . . , * . An apparent lateral displMJernont of a lode pro- 

duced by a fault. * 

HKniCNBFRGiTEi . . . Black variety of augitc. 

Ueuotropic,. . , . Bl(Kidst»»ne;A dark green variety of tpiartz with 

specks or veins of Jast>cr. 

Kk.ksitk, .... Telluride of gold. * 

Kt;rL.\NntTR, . . . Hydrous silicate of alumina and lime ; a zeolite. 

JJoMOOENEOUS, , . .Of the same structure' throughout. 

HoKNBtK.VDK, . . . A silicate of lime, magnesia, and iron. 

„ Andesite, . An igneous rock f see ix 9. 

Horn Silver, , . Chloride of silver. 

Humid, Warm ami moist. 

HvAoiiVrtf, .... A variety of ?hrcon; 

Hydratjuo ElevaIGB, . * A machine for ramng gravel by means of 

hydraudio pressure. ^ ^ 

Hydbaclic Limb,. . • Lime which has the property of eetting under 

^water. ’ ^ . 

Htdrocarbons, . • . Compounds of carbon hydrogen. 

Hydboxagnesitb, • . HydrouecwbunatedCm^esia. 

Hyduoiiiebmal, . • Pertaining id hot Vatei% especiallv with re.spcct 

to its aetiou in dissolving, re-clepositing and 
' otherwise producing mineral change.s w'ithin 
the crust of the globe. 

Hydrodb, . . « Containing water regarded as water of crystal - 

Usation. ^ 

IJvpEBgTHBNX, » . „ .A silicate dfihagnesia andiron. 

Hvpkbrtubnitb, . • , . A.rpck formed of ftibradssite and hyi>erstbene. 

JfEr.AND Spar, . . . CrystaUUed transparent carb^fiate of lime. 

Ifs jciu.sk, , , , . A silicate of alumina, lirno, agd magnesia. 

loNLOCa, .... Applied to all agencies, operatioift, mid results 

which appear to connected with subter* 
rancan heat. 
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Impoundimj Tailings,. 

. EncloHing tli«ni «o that they cannot flow where 
they are not wanted. • 

Imphkgnation, 

. Ore disseminated throujli rock and having no 
sharply*defined limits. 

INUICATOII VKIN, .• 

. A vein which is not meLallifcroxis itself, but, if 
fulloived, leads to ore deposits. 

In DU HATED, . 

. ifardened. 

Inkchokial K/ftvnr, 

. A siliceous deposit formed chiefly of fragments 
of diatoms. 

In Situ, 

. In the place where formed. 

iNTKHS’lllATIPIKD, . • . 

. fnterbedded with. 

]NTI{r\y)N, , 

, Forcing through. 

In TUMKSCENUK, 

. Swelling when heated. 

loDAKGYHJTK, 

. Iodide of silver. 

Todind, .... 

. A metallic element. 

lUHiKhOENT, . 

. Exhibiting a play of different colours like a 
rainbow. 

1 UiDil VI, ... 

. A inctiilHc element. 

J r.JDt>SMlN'i;, . 

. An alloy of iridium and osmium. 


. A metallic element. 

Pyuites, 

. Sulphide of iron. 

Jb0.M01iriIl8M, 

. 'I’Lc pr<»i>f*rty of certain chemical compounds of 
diiF«‘reiit composition, but crystallising in the 
same f(»nii8, of replacing one another in 
minerals. 

Ttacolumitk, * 

, A flexible sandstone. 

*1 \DK 

> NcpJirite ; a silicate of lime, magnesia, and iron. 

.lAMKhONITK, . 

. A sulphide of lead and antimony. 

.1 VIUIDN, . . - . 

, A variety of zircon. 

Jkx, .... 

. A hard vaiicty of coal, which is cut and ix>lished 

• 

for oi'uauieuts. 

.IjUilKH, , . , , 

. A machine for the concentration of ores. 

.h uA.ssrc% . 4 

, See (Jcolof/tcal TaUe. 

Kahun, , , , 

. A veiy pure cl.ay. 

.Kmkt^um, . 

. A mim which exudes from the kauri pine in New 

Zealand, and is frcipiently found fossilised. 

Keuakgyuite, 

• ClUoride of silver. 

JvicjiosENE Shale, 

. A shale cimtaining a large proportion of hydro* 


cartiouH of high illun(inating pou'er. 

KIllas, , . f . 

. Clay 4ate. 

Kindly (iIwund,^ 

. Those rocks in which lodes become productive 
• of mineral of value. 

• - ^ 

. • Se<? Cyan^e* 

0 

liAlJHADOUlTE, fi- . 

• A silicate of lime, nlninma, and soda. 

LAUCOLl fliH, . ^ . 4 

. Lenticular ahortsof eruptive rock spread between 
binls, having an iatrusive ui*i^dn and not occur- 
ririg as an overflow. 


15 
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IjAMTSLT^Rt . 

J^AM(N.K. 

Lavum La/.I’T.t, 
LAUMON'nTB,. 

TjAvas, . 

Leapeks, . • 

LfAI);^, . . • 

tiENTIOULAIl, . • 

TjErirOMTE, . 
Luet^/olite, . 
LftKTIlENlTB, 

Lignite, 

Lime, . ; * 

LlMKSp-'Nr, . • 

LlMOKlTK, 

Li NX EITE, 

LvniooEAPific* Stone, 
Live Kivesrs, 

Lc'f'i:. . 

Fobmatiov, 

MAGiTA, 

Magnesia, . 

Magnesite, . 

iMAGNEiio Ptbites, 
Macnetite, . 

Main Burro?!, 
Mai^chite, . 

Malleable, . • 

Manmillart, 
Manganese, . 
Mangakite, . 
Mabolk, 

Margasitk, . 
Martite, 

Matrix, 

Mkfrschaum, 

^L'LAC'ONITIfi, 
MvLAxrrE, . 

Mela I’M Y KB, . 


. Tn thin sheets. 

. Thin plates or scales. 

. Ultramarine, see p. 77. 

. A silicate of lime and aluniin?. 

. Rocks whicli have Howed in a nifdten stat(‘ from 
volcanoes. 

. Small veins carryinf? mineral which arc offshoots 
from lt>deR. 

• The auriferous portions of alliuial dc*j«t,s;isj 

marking the former course f)f the '■treau*. 

. Lens-like. 

. A lithia mica. 

, A variety of pyroxeno-olivine-rock. 

. rhosphato of copper. 

. A hydrous variety of coal retaining its vvoorly 
striicture, 

• Oxide wf calcium, produced by Ctilcniing carlnni- 

ate limo. 

. Hock fontietl of carbonate of lime. 

. Ifydi*<>u8 oxide of iron, 

, A .sulpliicio of nickel and c^>balt. 

, A v..*fy fine greened limestone. 

. Rivers which are now running. 

. Any vein that appears likely to produce mchdl'c 
ore. 

. A term applied in m.any case . bi 

rocks with sraall leaders travoiving tJ.cm. 

. Rivstc or groundwork of igneous rocks. 

. Oxi.le of magnesium. 

. <:?ai‘bonate of magnesia. 

. Pj’rrhotine ; a sulphide of iron. 

, IVXagnetic oxide of iron. 

, Hard rode behw alluvial deposits, 

. Green carbonate of coiipor. 

. Capable of being moulded. 

. In smm>th, rounded prominence's. 

. A metallic element. 

, Hydrous oxide of manganese. 

. Metamorphic limestone, 

, Ra*liated pyrites ; rhombic s'dphido of iron. 

. A variety of hiematite. 

. The rtTck or mineral containing metallic or 
preciou.s stoiicii. 

. A hydrous silicate o^tnagiu^sia. 

. Black oxide of copper.. 

. A black variety of ganri^. 

, An igneous rock. 

. A metallic element. • 
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MKTATJ.TFT?Tfor7R, . 
MpnAMOIllMIKSAr, . 


MeTKOUTO TKf)N, . 

"MlfAS, . , • _ 

Mica Schist, , , 

M . 

MiAirru'K, 

, Ml VI CM, 

M m:. 

^ M.sPK-Kf.L, . 

AI' 'I 1 I'.l -1 Mil , 
M<'L>i-l'l.Vl .M, 
Momiurn-', , . • 

Mu. iNsTdNC, . 

^ . 

Mul MAIN' r^CATimi, 
Mi'mjjc, 

McsiOVITK, . 

N Minors, . 

X Morr-?, . 
Nm‘;olh1'\ . 

NAn.MN, . 
Ni:nnsrir, 

X Cl'-l l N^ST s, . 

XlCKKL, . 

Nickkiaxk, . 

N'n Ki j, ( )cnitt;, 

XltnlOi^R, . 

X 1 1 RA'i r.!^ . 
XlTllA'l'lNi:, . 
NoUCCAR, . , 4 

• 

Nor Ml ITC. . 

Nui’LKl’S, 

(IHHIIIIAN, . • . 

OciAIfKDinTE, 

<;< TAinrouoy, - 


OCONTCLITK, . 


. Metal bearing. 

. A term nacd to express a ^lian^je iif the minera- 
logicaL or chemical coiuixjsition and internal 
structure of n^cks produced by the operaticni of 
heat, heated water or vapour, pressure, &c. 

. Iron which has fallen on the earth from inter- 
planetary space. 

. Flexible and elastic minerals occurring in thin 
plates ; silicates of ulnioina and pota*?!], mag- 
nesia, lithia, or iron. 

. A metamorphic rotjlc consisting of a laminated 
• ^vggregate of ((uartz and mica. 

. Sulphide of nickel. 

' . A rseniate of lead. 

. Kcd lead ; oxide of lead. 

. See Oeetoftiad Talle. 

. Sulphide and arsenide of iron. 

. Sulphide of molybdenum. 

. A metallic clemenf,, 

, Mol,\bden*ochre ; oxide of molybdenum. 

. A variety of aduhiria felspar. 

. r>er>Of5it« fonuerl by glaciers. 

. Impure oj bostos. 

. Fyritca ; sulphidt* of iron. 

. Potash mica. 

. Resembling mother of iioarl. 

. Tellurido of gold and Icfui 

. Hydnuis silicate of alumina and soda ; a zeolite, 

, Carbonate of sodiu 

, dade ; a silicate of lime, raagnesia, and iron. 

. Those who .^scribe all geological phenomena to 
the action of watv^r. 

. A metalliv! elemenl. 

. Arsenide of nickel. ’ 

. All areeniate of uicktd, 

. Sulphide of nickel and iron. 

. CoiUi-hiuiirls uf nitric acid with baaes. 

. Nitrate of soda, 

. Coticr6tions of rock matter aggregated round a 
central nucleus, 

. Silicate of nickel. 

. , A bodv about which anything is collected. 

P A lolcanic glass. 

• . Titanic oxide, 

. An eigbt*’*HU*d 'Jigr.re, each of the sides being an 
ctfuilateral ♦.ri.uiglc. 

. FaKc tisr(|Uoisi* ; fossisil bone coloured by copper. 
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Olioistk, . , 

OLir.OCLASEj , , ^ 

Oj.ivine, . * 

OXYX, . . , 

Opal, . 
OPALKSOESrOB, 

Ok(;anio CoMTOtrKXis, 


Okiemal AmbthtIst, 
„ £meiuij>, 
„ Topaz,. 
Orpiment, . 

OliTHOCLAiSB, « 
Ol’T('110r, 


OXII'ES, . , 

O/OKEUrTE, , 


• An oxide of iron (hiPinatite). 

• Silioate of alumimi, Aoda and limn; a soda-lime 

lnls|>ar. 

• Silicate of magnesia and in^n. 

, A variety of quartz in alternate layers of 'white 
and brown or white and black. 

. Hydrous silica. 

, Exhibiting a play of colours like the’ precious 
opal. 

, Compoonds containing carbon, generally derived 
from animals or plants'.' 

• A variety of corundum. 

• »» »♦ 

. A sulphide of arsenic. 

g A silicate of idumina and potash ; potfti>li bdspar- 
, The a]ipearande bn tlie surface the ground 
of a rock, lode, or coal scam. 

, Compounds of oxygen wdth any element. 

« Mineral wax ; a solid petroleum. 


Pack Walls, . 

P.\LLAIUU31, , 

A.M.\I.OAMAT^O^% 

I'ARTiyoS, 

Peacock Ore, 
Pearlt, 

l*KOMATITK, . 

Penmn'k, 

pKiiLm-:, 

IVrWFIfiD, . . 

Pirn<OTJ.UM, . 
l*KTXtULOCT, . 
J'KTZITB, 

I^JIK^'JAKITK, . • 

Pho.'<P«A'I1*», 
i‘ij*Es (of Om\ . 

PrsoLiT/o OnBiit, . , 

PlTORBLIOrOB, , > , 

PiTOHSTONB, • ' . 
PLAGIOiXAHK, 

Plasma, 

Pj..VVI’K!, 


, W’alls built of loose material in mines to supj>ort 
thereof. “ 

, A metallic element 

. Amalgamation of silver or gold w'ith mercury by 
grinding in a pan. 

. Btnall bunds of shale or stone occurring in a coul 
seam. 

. Copper pyrites which has become tarni.shed. 

. Kesetnbluy^ mother of pearl. 

. Veins of coarsely cryirtalbsed granite in granite. 
, A variety of bhlorito* ' ^ 

. A volcaaic.glafeA. , . 

, Bee (fedhffical Tmhfe* 

. Ganged to stone. : 

, A natural mineral oil. , 

. Tlie studjf of rocks. 

. TcUaride of silver and; gold. 

' . A silicate of.glucina ; a gem. 

, ComjRainAof phosphwi<i^,afnd with a base. 

. An elongated fjf>dy of ore iii limest^me, geiuually 
standing nearly vertical. 

« Tn concretions ab<git the sizi of a pea. 

. Oxide of urHnfiim. ^ 

r. A volcanic glass, sA? p. * 

. Felspar's in . which two jli'inctpal cileavago 
planes are not at rij^t auglfs to one another. 

, A green variety of quartz. 

, Eu.sily mouhled. 
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PLATiNiRiiuuM, . * . An allay of platinum and iridiuiA. 

Platinum, . • , .A metallic element. * 

Plkonaste, . , , . A variety of fipinel. 

Plications, .... THo mnaller foldings of a rocki 
Pliocknk, .... ^eolpgM* Table, 

Pluaiuago, I . . , OrapMte; oarlKm. 

Plumb Bob, . . , A weight siupended by:ib string used to determine 

vertuial Imes. 

Plutonibts, . • • • Those who atteii^ to eicplaan all geological 

% • phenohiena by the actlop^of heat. 

PoLi\vsTTE, . • • * A eulf^ide of silveri/^T^r antimony, and 

amnio. " 

Porcelain Clay, . • . Kaolin, the purest foirin of clay, 

PoRpnYKiTE, . • . • An igneous rock Ooni^ting esiimtially of a tnie 

porphyry ground mass oontalning crystals of 
pla^odase. 

Porphyry, . . • • Any igneous rock conidsting df a ground mass in 

Which conspicuous ciystals are embedded. 
Position Blocks^ • , Mining claims which are in a position which 

will contain a lode if it continues in the direc- 
tion in which it has been proved in other claims, 
but which themselves have not yet been proved. 
Potash, • • • . (Txide of potassium. 

pRKi'iPiTATK. • • .A solid substance thrown down in one solution 

by the addition of another solution. 

Pruhnitk, . * ' • . A silicate of alumina and lime. 

Pkismatio, • « • « In prisms. 

Prism H, . • • • Solids whose bases are plane figures, and whose 

sides are parallelograms. 

PiiODUcmvE, . • • • Yielding payable ore. 

Pro i>Y LITE, . • • • Originally defined as tertiary volcanic irocks 

• cohsietingrof triclinic felspar and hornblende in 

a hno-grained non- vitreous ground mass. 
J^RospEirriNG, • • .. Searching for minerals. 

rRors'j'iTK, , • , • A sulphide and arsenide of silver. 

I’siLOMKLANB, . , , Mauganatc baryta. 

PuMicj.. . . , , A vesicular volcanic glass. ^ 

PuKpLL^F Cabsius^ : • .A purple precipitate formed by adding stannous 
' chloride to chloride of gold* > 

Pyrargyritk, . . . A sulphide and anrimonide of silver, 

Py BUTCH, . , , CuMo sulphide of iron. 

Pyroluritb Black oxide of manganese. 

Pykomorpiiitk, a ... Phosphate of lead. 

Pyhopk, ' • . *• * A variety of garnet, 

Pyrohmalitb^ . • A silicate of iron and magnesiA 

Pyrrhotink, « . . Magnetic pyrites ; sulphide of iron, 

QuAimiRiJif^ . . . Worked in the open. 

Quartz, . . . Crystallised silica. 



230 


GLOSSARY. 


Quabtz Diorjte, 
Qdaktzite, . 
Quartz PoRriiTRT, 
Quicklime, . 
Quicksilver, 


An igneous rock, see p. 9. 

A metamorphic saniistone. 

An igneous rock, see p. 9. 

Oidde of calcium produced by roasting limestone. 
Mercury; a metallic clement. 


Padiating, . * 

Rajiified, 

ltEAL(L\R, 

KKD liEAO, ^ 

Redrui-hfee, . ■ . 

Reduction, . , • 

Reefs, . . , 

Kkfraction, 

Reiractory*, 

Rem FORM, - . , 

He.sf>ou.s, 

HFnOULATED Vei.ns, ' . 

RKVEtoE Faults, 

Ruoixinite, - 
Kf )y tiic Dodecahedron, 

FinoanOHEDBON, . 

Rtivoiite, 

JiinnoN Veins, .. 

Rim ItooK, 

PlPUiC^LlTK, * 

(tlSE, .... 

Rock Crystal, . 

RoI’K SALTf . 

Roof 

Rurelutr, . 

Rurt, .... 
Rutile, 


. Divct^g from a centre. 

. Branched in many directions. 

. ^ Sulphide of arsenic. 

, Minium ; oxide of lead. 

. Copper ‘glance ; sulpbideof C4>j)]»or. 

. Reducing compounds to a metullif*. .state. 

. liOdes, ledges, or veins. 

. Deviation foiom a direct course ; the pro]icrty 
, jiosse&sed by some, minerals of doflfcting ray.s 
of light. 

Difficult to treat for the recovery of metals. 
Kidney-like. ^ 

Resembling rosin. 

Veins traversing rooks in all directions 
Faults due to thrust, the liaiiging wall ^ Mo * if the 
fault being forced upwards on the R»ot\vaU. 
Silicate of manganese. 

, A twelve-sided figure, each side of which is «i 
rhomb. * 

A six-sided figure, eich side of which is a rhomb. 
An igneous rock» see p, 9, 

See Batided' Vein9. 

jBe<lrock in aUnviahimning which outcrops above 
the level at which the auriferous le«Td occurs. 

A variety of chlorite. 

That portion of n he4 or coal seam' which lius 
. above a level is said to be ** to the rise.*’ 

A clear colourlewi variety of quartz. 

Chloride of sodium. 

The strata immediately above a coal scat . 

A red variety of tourmaline. 

„ n corundum. 

A form of oxide of titaniumA.,^ 


SAf'unARoin, 
^.\T>l)I.E Rerer, 

Sal-Ammonuc, 
Saltpetre, . 
Sampling, 

SANDbTONE, . 


. Like lump sugar. 

. Quartz reefs ^yrriag in the form oP saddles ; 

see p. 141. • ^ 

. C^oride of ammoniunll 
; ^Kitmte of pottMh. 

• Mixing ores so that a poYtion tj^ken may faiily 
repr6.*)ent the whide body. • • 

. Consolidated shnd. * 



Sakidins, 

Sapphibk, . 
Sardonyx, . f 
Saurians, 

Scarp, . 

SOHTCiaiTB, . • . 

SoniST, . 

Schorl, 

SKcniu, 

SE(rrT(\, 

SWJIMENT, . 
Skdimentaby, 

Segregations, 

• 

Selentcm, 

HKliI‘ENTINK, . 
Shale, . 

Shjngle, 

Shoots, , , 


SiDEHITE, 
Silica, . 
Silicates, 


SlLVRIAN, 

Silver, 

Silver Glanck, 


Si-vrE^i, 

Slags, 


Slate, . 
Slickknsides, 

Slide, f* 
Slimes,'^ 


SaCDGE CHANNBJlf 

Sluice Box, . * 

I 

Sll'Icino Tails, 

SmalttnIc, . ^ . 
Smith HONW’jff, , 
SoAlTi'lDNE, . 
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. Silicate of alumina and potash ; %glasB 7 variety 
of ortboclase. • 

. A blue vai^ety of corundum. 

. A variety of quartz. 

. A group of reptiles now extinct. 

. A ste^ face. ' 

. Tungi^fcato of lime. 

. A lamiuMed tnetiaDorphic rock. 

. A bhu^ vaziety of ^urmaline. 

. Can be cut with a knifobl /j . 

. A cut through. 

. A deposit formed by water. 

. Rocks composed of sediment. 

. Aggr^ations of ores in a cavity having an 
irregular form but defined limits. 

. An clement. 

‘ . Hydrous silicate of magnesia. 

. Oonaotidated clay. 

. Clean gravel. 

. .Deposits of ore in lodes, which have a limited 
Jateral extent but considerable extent in 
Qcptli ; they generally dip at varying angles 
l^tween horizontal and veitical. 

. Carbonate of iron. 

. An oxide of silicon. 

. Comimmds of silica or silicic acid with a base. 

, See Geological Table. 

. A inetalUc element. 

* Sulphide of silver. 

. A deposit from hot springs. 

. Fusible silicates formed when ores are smelted 
and the metals extracted. 

Indurated clays, sometimes metamorphosed. 

. Smooth, polished, and sometimes striated sur- 
faces. on the walls of lodes produced by friction. 

, A fault or cross course. 

• The very fine grained parrioles produced by 

crushing ores, which do not readily sink in 
water. 

. Tail race for conveying the tailings away after 
the gold has been extracted from aUuv^ beds, 
^ A wooden trough in which alluvial beds are 
• • >fa8hod for the recovery of gold or tinstone. 

» . A table on wheals used for washing black sand 
for gold on the coast of New iSealand, 

. Arsenide of cobalt. 

. Carbonate of zino (Dana). 

. A compact variety of tola 
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Soda, ... . 

SoLFATAiiio Acnoy, 

Spathic Tbon, 
Sphsbosidekjte, , 
Spinel, . , . 

Stalactites, . 

Stalagmites, . 


Stannine, . 
Steatite, 
Stephanite, . 
STERNBKRGrfE, 
Stibnite, 

STILJ'.ITK, 

STt)CK\VOKKB, 


Stratification, 


Streak, . 


Striated, . 
Strike, . 


Strom EVEiUNE, 
Stbdntia, 
Stuontianite, 
Strontium, , 
Sulphates, . 
Sulphides, . 
Sulphur, 
Sulphuretted Hi: 
SCNSTONE, 

Surface CaAROES, 


DBOGl 


EN, 


Syenite, 
Stlvanite, . 
Syncline, 


• Oxide of sodiiun. 

, The final stage of volcanic eruption when steam 
and gases only are emitted from the craters. 

• Carbonate of iron. 

, do. do. 

. Aluminatd of magnesia. 

• Icicle-like incrustations hanging down from 

the jpoof of caves. 

• Similar to stalactites, but formed on tbe floor 

of the caves by the depr <4111011 of solid > natter 
held in solution by dropping water. 

. Stilphide of tin and copper. 

. Hydrous silicate of magnesia. 

• Sulphide and antimonide of silver. 

. Sulphide of silver and iron. 

• Sulphide of antimony. 

. Hydrous nilicate of alumina and lime. 

• Kock which is traversed by so many motalli- 

ferous veins as to render tthe whole deposit (jf 
sufficient value for treatment. 

• The arrangement of sedimentary rocks in bctls or 

strata. «. 

. The powder of a mineral or the coloiir-efftjct pn >- 
duced by scratching it with a knife. 

. Marked with furrows. ^ 

, A horizontal line upon thRloor of a bed or foot- 
urail of a lode. 

. Sulphide of silver and copper. 

• Oxide of strontium. 

, Carbonate of strontia. 

. An element. 

• Compoonds of sulphuric acid with a base. 

, Compounds of sulphur with metals. 

. An element. 

. A sulphide of hydrogen. 

• A variety of oligoclase. 

, All expenses incurred on tbe surface ' 1 a mine 
which have to be charged against the mineral. 

. An igneous rock, see p. 9 . 

• Telluride of gold and silver: 

. Strata bent in the form of a trough. 


Tachylyte, 

Tailinob, 

Tail Race, 
Talc, 

Tellurium, 


A volcanic glass! ' 

The refuse from a xmne aft .r the"’ valuable ore 
have been extracted . \ ^ 

A channel for removing Wuling^ 

A hydrous silicate of magnesia. 

A metalUc element. 
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Thnnantite, 

Tetbahbdritr, 

THOMSONitB, 

Till, , 
TiMAzrra, 

Tin Dish, . 

Tin Pyrtter, 
Tinhtoi^e, 
Titana-. kr, . 
Titanic 'Iron, 
Titanium, 

♦ ToaiVh Eye 'J 
• 

® Topaz, . 

Tokbanite, . 

. Tourmaline, 
Trachyte, . 
Translucent, 
Tkansparknt, 

Tkappean, , 
Travertine, . 
Tkkmolith, . 
Tkiassk’, 
Tuiolinic, . 

Tridymitk, , 

Tripoli, 

Tuouhles, , 
Tungstates, 
Tungspen, . 

% 

irLTRAMARTNE, 
Unokkciay, . 
UN])KI{LAy, • 

UiAnium, 
T/wabowtte, . 

V.ikLBNTlNlTK, 
Vm'VlANITKi 
VlTRKOLS,* . 
Yivianitk, #.• 
VOIAJANIC, . 


•< 






• A sulphide and arsenide of copper ^d iron. 

. A complex copper ore, 8c<^p. 163. 

• Hydrous silicate of alumina, lime, and soda; 

a zeolite; 

• A glacial deposit. 

. 'Hornblende andesite. 

• A dish used by prospectors for washing gold- 

bearing materials and extracting the gold. 

• Sulphide of copper and tin. 

. Cassiterite ; oxide of tin. 

. Compounds of titanic acid with a base. 

. Specular iron containing oxide of titanium. 

• A metaliic element. 

. A variety of wood tin occurring in small spherical 
particles embedded in a mass of darker or 
lighter colour. 

. A silicate of alumina with fluorine ; a gem. 

, A dark brown variety of cannel coal. 

• A silicate of alumina and other oxides, sec p. 74. 

, An igneous rock, sec p. 0, 

. Transmitting light, but not transparent. 

. Tramsmitting light perfectly : objects can be seen 
through a transparent medium. 

. Bocks occurring in dykes and sheets. 

. Material deposited by calcareous springs. 

. A white variety of hornblende. 

. See CMvgmil Table, 

• Crystals having three axes which are not at right 

angles. 

, Silica-- resembling quartz, but occurring in smdll 
flat hexagonal tobies. 

• A hydrous silica powder composed chiefly of 

diatoms. 

, Disturbances in a coal seam. 

. Compoimds of tungstic acid with a base. 

. A metallic element. 



Lapis lazuli, see p. 77. 

The clay forming the floor of many coal^seanuu 
The inclination of lodes to the verticaL 
A metallic element. 

A chrome goniet. 

• • • 

Oxide of antimony. 

A silicate of alumina, lime, and magnesia. 
Glassy. 

Hydrous phosphate of iron. 

Ejected from a volcano. 
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Wai^, . f . . • • An impure earthy ore of inauj'anose. 

Wash Outs, . » . . Parts of coal seams which have lieen romovofl 1)3' 

streams flowing at the time of their formation. 

Water Power, . . . The power which is develop d i>y the pres.sure of 

water when applied to water wheels, turbines, 

AVillemii’E, .... Anhydrous silicate of zinc. ^ 

Wing Dams, . . Dams built from the side of a river with the 

object of deflecting it from its course. 

AY" n riKRiTE, . . . Carbonate of bar3rta. 

AA^olpram, .... Tungstate of iron and mafigancse. 

WOLLASTONITE, . . .A sUicAtc of lioie. 

AVood Tin, .... Tinstone of a brown colour of various shades ; 

botiyroidal and renlform in shape and fibruus in 
structure. ‘ 

AV'utPZNITB, .... Mol3'bdate of lead. « 

Zeolites, .... l{3’drou.s silicates of alkalies or alkaline earths 
with silicates of alumina. 

Zinc, A metallic element. « 

Zivr Blende, . . . Sul7»hide of zinc. 

Ziyr Bloom, . . . ll.vdrous caibonato of zinc. 

Z INCITE, .... Ilod <»\id^ ofYsiuc. 

Zr.sciCENiTE, .... Sulphide of lead ami antimony. 

Z'iX’ON, .... A wlicate of idreonia ; a gem. 

ZuibiTE, , , , . A non- ferriferous rhombic ally of epidoto. 

ZvyiriEE Kook, • , .A siuckwork porphyry at Altunberg. 
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A 

ArTiN'Oi.iTE, OO, 03. 

103. 

Aj^Jitc, nr», 73, 71). 

) Alriliamliiir. 1V)I. 

Albiu^ W), i;;2. 

Albiirnia Miuo. 10.3. 

®Alh7vial (k posits- -Their mode of occur- 
Ffiic’C, 4, 1133 ; source of inateriali<) 
TJo ; aji;e of mreut reefs, 125; deep 
lejids, 127; Now >k?.alan<l deposits, 
12«; coTiipiuMtiu* table, 130'; British 
C'olnnibia dojiosits 130; couditions 
UTi'h'i ^vluVl^ found, 1 31 ; cimridef .'ir 
lion-, re-rardin^; working, 133. 

Audw'v, lOS. 204 
Amethyst f|uart?!, 75, 78, 70. 

An.-iU'init*, r»0. 

A naiiiewto, 1). 

Aud.-dnsite, 77, 79. 

Auiiile.-.ite, 154. 

ATihydrite, 50, .52. 

Arinahergite, 189. 

Aiiortliite, 00, 03. 

Anthracite, 198. 

Antiiuom^, 193, 194, 

A].iatite, 50, .53, 78. 

AT)o|)hyUite, 00. 

Aragnilitc, 49, .50. 

Arp'eiitite, 149, 150. 

Arsenic, 19,3, 194. : 

Ashe-stos Jj3. 

A tcU'ainilo, 704. 

Augite, 00, 04. 

,, ande.rite, 9. . 

Australian reefs, 12fi ^ 

Azufite, 104, 108. 

• 

B* 

• 

IUnkkt beds, 86, 

Bai^tes, TiCV 53. 

Barytocalcite. 60. 

Ihvsalt, 9. • • 

15eryl, 72, 78, 79. 


Biotite, 67, 59. 

Bismuth, 193, 106. 

„ ochre, 197. 

Bismuthine, 197. 

Bismutlnte, 197. 

Bloodstone, 75, 79. 

Blowpipe-^Characters of minerals, .31 ; 
lamp or candle, 32 ; use of, ,33; oxi- 
dising and fusing flame, 34; reducing 
Oamo, ;il; reagents, 34; accessories. 

Bog oak, 201 . 

Boracite, 78, 79. 

Borax beads— Colour of, 30 ; with co- 
balt, 30 ; with cojiix^r, 30 ; with 
titan ates and tungRtates, 30 ; with 
manganese, 30 ; with nickel, ^40 ; with 
chromium, 37 ; with uranium, 37 ; 
witJi iron, 37. 

Bornite, 103. 

Bounionite. 150, 16.3, 167. 

Brauiiite, 1 91. 

Broniargyritc, 149. 

Broiizite, 00, 05. 

Brookite, 177. 

Brown coal, 198. 


c 

Oaibngokm, 75, 78, 79. 

Calamine, 180. 

Calaverite, 147. 

Calcite, 49, jSO. 

Cannel coal, 198, 109, 201. 

Carbonate of lead, 156. 

„ of siida, and nitre— Testa 
'with, 38. 

Carbonic acid— Action of, 99, 
Camcliau, 75, 79. 

Caasitorite, 171, 174, 175, 177*. 

Cat's eye, 70, 79. 

Cave deposits, 113. 

Celestine, 50, 53. 

Cerussite, 154. 

Cervantito, 196. 

Chab.'v/.ite, 06, 67. 

Cualcanthite, 164. 
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C'hjiloe.lony, r>5, 75, 70. 

Chalcopvnlo, Kili, 1(57 
Charct^al- Tests on, 37 ; with carbonate 
of soda, .‘JS. 

Ohloanthite, 189. 

(’’blorite, 57, 58. 

Chrome iron, 19l{. 

Chroniite, 19*Z 
Cbrinniiim, 170, 192. 

Ohry.soberyl, 71, 78, 79. 

ChrysocoUa, 1(54^ 

Chrysolite, 7(». 70. 

Chrj'«.oprase, 75, 79. 

Cinnabar, 1.58, 1.50. 102, 

Citrine ijuartz, 75, 70. 

Clays, 07. 

Cleavaife of minerals, 17. 

Coal, 198. IJKij orifrin of, 80; occurrence 
and pro.sj)»'ctin<r f“r, 81 ; comparative 
tliieknesH of. 84 ; bands in, 84. 
Cobalt, 179, 187. 
i V>h.iltiferou.*» mispickel, 180. 

< \il>altiferoU‘» wrad, 189. 

CobaltiTU', ISO 

CJoloiir of Tiiinenils, 20 ; table of, 25 
( ’oinbii'stible iniin'rals, 108. 

Contact di'po'-it s 111. 

C(;piier, 1(»2, l(),*i ; in stratified deposits, 
85, arsenide*' <if, l(i2; ar.*%eniate-<. of, 
1('<1 : -.res, tests for, 160 : black oxide 
of, 16« 

Copj »*r -fiance, 16.3. 

,, nickel, 1S9. 

pyrites, 164, 1C7. 

Cordierite. 78, 78. 70. 

Conindiim, 70, 78, 79. 

Covellite, 168, 

Crocidolite, 70. 

Crocoisit**, 154. 

Cryolite, 50, 54. 

Cuprite, 164, 1(>8. 


D 


Determination of minerals, 39. 
Diabase, 0 
Diallage, 60, <>4. 

Diallogite, 191. 

Diamond. 68, 78, 70, 109. 
Dichr<*it<T73. 

Diopside, 60, 64, 

Dioptase, 164. 

Dionte, 9. 

D-.l- rjte, 0. 

1>"1 >mite, 50, .52. 

Dyiiamics of lodes, 114, 


E 

Er.-AaTiciTY of minerals, 26!,. 
Klaterite, 198, 203. 
Electmm, 146. 

Kmbolite, 149. 

Emerald, 7*2, 78, 79. 

Emery, 71. 

Enargite, 16.8. 

Enstatite, 64. 65. 

Exntlote, 77, 79. 

Erubescite, llU^ 

Ery'thrine, 189. 


F 

Fahlbanhs, 107. , 

Poke top.az, 75. 

Faulting of l-kde**, 114; relative age of,* 
11.5. 

Flame— Oxidising and fusing, 84; re- 
ducing, .84 ; caloiir nf. .'15 ; red, 81) ; 
yellow,* .86; gnen, 8*) blu«', .46; 
viedet, 86. 

Fi^ts, no. 

Flexibility of minerals, 20. 

Flours, 100, 

Fliiorsiiar, ,50, .H 
Fuller’s earth, 68. 

Fusibility of minerals. .85; scale •>f, .8.5. 


G 

Gabbro, 9. 

G.slena, 154, 155; instratiCed depositn, 
85. 

Galmei, 180. * 

Gavuct, 7.8, 78, 79, 

Garnierite, 180, 

Geological— Age of cojil, 2 ; age f)f gold, 
3 ; notes in the held, 11. 

Gsir^orhite, 189. 

Glass lubes— Tests with, .89 
'Glaucodote, 189. 

Gtfthite, 182, 184. ' 

Gold, 146; in stratified deiiosits, 86; 
distribution, 136 ; mode of detoction, 
Iil6; associatioMhWith sulfihides, y|6 ; 
auriferous lielts,*' 1^17 ; in eruis ivo 
rocks, 1.’47 ; in J)edded veins, 188; 
in reefs traversing setiimentary be<l8, 
1i39;fin reefs astoeiated with cliorite, 
139; innhoots, 130; pi 8a<ldlf- reefs, 
141; in n^t vciiJI, 14J; in itacoluinite, 
142; in tipaazite, •142 ; iq Transyl- 
vania, 142 1 in jre\a<la, 142; in 
breccia lodes, 14*2 * at* Mt. Morgan, 
143 ; in deei^ leads, 144, 
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Granite, 0. 

Graphite, 19S. 

Grey copper, IC3, 167. 
Gypsum, iX), iV2, 85, 


H 

iTAftD.NKSs of minerals, 24 ; scale of, 34. 
llarniotome, 00. 
ll.auerite, 191. 

Ilau.sirj|^iinito, 101. 

Haiiyiie, 70. 
llieniatitf, 182, 181. 

Heaves Law re^ulaliutf direction of, 
117 ; ijorcentajres, 118. 
iledeiiber^'ito, (iO, 64. 

Heliotrope* 7o, 70. 

]fts!.ite, H7. 

J leiilamlite, (JO, 

HMinhleiiile, (JO. 

andesite, 9. 

Horn silver. 140, lol.* 

I lydrt*iUM]L,'iKsit< , r»(l, 53, 

Hyper.'theiie, 00, 65. 


1 

ToklAiNU .spjir. 4*0. 

I rnpn ^rnatjoiis, 100. 
lo<ljjr;:yrite, 110, 151. 

Iridfi.Miiiiie, 116. 

Iron, 170; sulphate of, 184 ; ores, mode 
of occurrence, 8.5. 
p>n1.cs, 1.S.5, 187. 

J rvei’lllir depo.sits, 105. 

,, masses, 109. 


J 

.fAor, 03. 

■let, 20l.«» 

K 

Ka|ii.1!», C7. ' 

KcraTKyr’te, 149, I.*!!. 
Ky.iin^e, 77, 79. 


L 

TiAniiAiionrTK. 60* 62, 701 79. 
Lapis lazuli.*7?, 79. 
Jiaumoutite, G(J. 


I Leail-iintiinoiiy ores, 15C, 

„ lodes, 156. 

„ ores, 15*1. 

Leadvillc, 102. 

Jjebererz, 161. 

Lenticular aj^gregations, 108, 
Lepidolite, 57,59. 
Libcthenite, l&l. 

Lignite, 198. 

Limeatone, 51. 

Limonite, 182, 184. * 

Liiiu:eitb, 189. 

Lithitgraphic stone, 51. 
Lustre of minerals, 18. 


M 


jVlAUNEf'ITE, .50, 53. 

! Magiietie pyrites. 186. 

M.aLinetite, 183, 181. 

.Malacbite, 164, 168. 

Mullealulity of luineral.s, 26, 

xMangaiieM*, 179, 190. 

.Miiiigaiiite, 101. 

.Marble, ,51. 

Marciisite, 18.5, 187. 

Meerschaum, 56. .57. 

Molaconite, hil. 

Mercury. 158, J.59, 162. 

Meteoric iron, 184. 

Mic.a, .57, 58, 59. 

Microcosmic salt -Colours of bead.s, 
37. 

ISIiUeriti*, 180 

Mimctite, 154. 

Mineral fleposits -- I’heir mode of 
fx;cnrri‘iice, 3 ; conditioua to be 
studied, 5. 

Minerals with metallic lustre Kasily 
fusible or volatile, 41 ; infu.rible or 
fusible with more difficulty than 
orthoelaso, not vol.atile. 43. 

Minerals without metallic lustre— Sol- 
uble in water, 43 ; insoluble in ^water, 
44. 

IMineral \eins.nul lode.s, 89; fracturing 
of rocks, 89 ; di.stribution of ore in, 
93; how filled, 97. 

Minium. 1.54. 

Mispickel, 18.5, 187. 

MolybdeiiiLe, 177, 178. 

Molybden-ochre (Molybdite),, 177. 

Molybdeiuira, 171, 177, 178. 

Mountain leather, 63. 

I Mount Morgan, 104. 

1 Muscovite, f>7, 59. 
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te 

Realgar, 193, 194. 

k*a<l, 134. ' 

Kcdruthite, 1C3. t 

Reticulated V(‘in3, 108. 

Rhodonite, 191. 

Rhyolite, 9. 

Kipidolite, 58. * 

Rock crystal, 74. 

Rocks, 7 ; ijjncous or cni])tivc, 8 ; hyilro- 
thermal, 8 : tr:ip]ican, 8 ; tabl;' of 
eruptive rt»cks/ 9; vi)lcanic. Kr, .sedi- 
mentary, 1(); inovcmeiitsof. 10; strike 
iind dip, rj. 

Rock salt - ( K'lMirreiiee 85. 

Rubv- 70, 78, 70. 

Rutilu, 177. 


N 

0 

Naryagite, 147. 

Niitrolite, Oti. 

Xephrite, 0.3. 

Nickel. 179, 187. 

\ukeliiK% 189. 

Niet>pyritc, 189. 

-VitiMto of cobalt— Tests with, 3S. 

Noble mct.*ds, 130. 

Xonmeite, 189. , 

0 

Obsidian. 9. 

Octaliedritc, 177. 

Olijjocla^e, CO, 02, 76, 79, 

Olivine, 70, 78, 79. 

Onyx, 7.‘), 79. 

Opal, r,.^, 76, 78, 79. 

(iri'.ntiil .irnethyst, 70, 78, 
emerald, 70, 78. 
top.n/., 70 78. 

('riiinv‘nt, 19.3, 194. 

< ♦rtli"c!n'<e, 0(», 01, 7f5> 78,79, 

t.*zo.x.i riP', 198, 203 


P 

PAM.AT^inM, 140. 
IVilfOUi ore, 105. 
iViinin'*. .”i8. 

Vf rlito, 9. 

I'etr.dciiru, 198, 202. 
i’etzitc, 147. 
fM.eiiakite, 73, 78, 79. 
Vitch b!“udc, 192. 
Pitc.hstorje, 9. 

RlM'*ina, 75, 79. 
J'iatiniridium, 146. 
PJatinurn, 145, 146. 

J 'lumbago, 199. 

Polybasitc, 149. 

I'rehiiite, 06. 

T'rouatite, 149, 150. 

P. ^ii Ionic lane, 191. 

PuLnice, 9, 

Pyrargyrite, 149, 150- 

Pyrolufeitc, lOL 

1 'yromorfihite, 154, 168. 
Pyjihotine, 187. 

Q 

QnARTz, :>«, 74, 7«, 79. 

dior'itc, 0. 

porrdiyry, 9. 

Q. Klv-^ilvcT, 158, 102. 


S 


Sappuixe, 70, 78, 1*0. 
rtardonyx, 75, 79. 

Sv'himdt’s Jav.', 1 1!) ; exceptions to, 122 
SchCclite, 177, 178. 

Segregated veins. 111. 

Serpentine, 57, .58. 

Sho«)ts, 158. 

Siderite, 183, 18 1. 

Silver, 149. 

Silver glance, 119. 

Silver ores- -Valuing. 152. 

Smaltine, 189. 

Smell of mineral >?, 27. 

Smoky quartz, 75. 

SoapKtune, j'Vi. 

Soluble saltb, 4S. 

Specific gravity of minerals, 27 ; ingn 
density liquids, 20 ; diffusion eoluniir, 

29. 

Spinel. 72, 78. 79. 

Stahlcrz, 161. 

Staimine, 16.5, 177. 

Steatite, 5*>, 57. 

Stepbauite, 14L1. 150. 

Sternbergite, 149. 

.Stihnito, 19.5. V 
StHbite, W;. ' 

.Stock works. JOS. 

Strat.itie»| deposits,* 79 ; coal, 80 ; iron 
tTH,.,S5‘ , rock si^lt and gyinurn, 8.5 ; 

iiitaallie^iiufircguatiojiH, S."> ; gold m 

Tran.«;v'a.'d, S6;i',u»ldSn Vew South 
j Wftlc«. sf- \\-f>rkiuqicX', 'discs, 88. 
Streak "f iniryirals, 'Ti ; tabftj of. 2.5. 
iStroirii yd'inc. N9. ll'iO. » ,, 
IStnjnti.'initc. qO, .5.3. 
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Stnicturo of minerafn, 14 ; CTanular. 
15 ; saccharoid, 15 ; lamellar, 15 ; 
capillary, 15; fibroua, 15; radiate, 
15 ; badWlary, 16 ; dendritic, 16 ; 
concretionary, 16 p mammillary, 17 ; 
botryoidal, 17 ; reniform, 17 ; vit- 
reous, 17 : aiiiorr)b(»us, 17. 

Sulphur, 193, 194. 

Sulphuretted hydrogen — ^Action of, 99. 

Sycnito, 9. 

Sylvanite, 147. 


T. 


Tacrtiyte, 9. 

'Falc, 5(i, 57. 

Taste of minerals, 27. 
Tellurium, 117. ’ 

^ Tennantite, lfJ3. 
Tetrahcdrito, 163. 
Thames gohltieid, 101. 
Thoms(inito, 66. * 

Tin, 171, 177. 

^'instono, 171. 

'ritanic iron. 18.3, 184. 
Titfininm, 171, 176, 177. 
Topaz, 71i, 78, 79. 
Torbanite, 198. 
Touniudine, 74, 78, 79. 
Ti achy to, 9. 

Trans\,aal di,posit.s, 86. 
Tremolite, 60, 63- 
'rridyinitf, 55. 

Tnjiia. 48. 

Tiini^hteu, 171, 177, 178. 
Tuniuoi|e,77, 78,79. 


U. 

Ultramahine, 7f. 
Uranium, 179, 192. 


V. 

Valentinitk, 195. 
Vesuvianite, 77, 79. 
Vivianito, 184. • 


w. 

Wad, 191. 

Willemite, 180. 
Witherite, 50, 53. 
Wolfram, 177, 178. 
Wollastonite, 60, 65. 
Working expenses, SA 


Y. 

Yellow jacket, 100. 


Z 

Zeolites, 65t 
Ziegelevz, 161, 

Zinc, 179. 
Ziiicblc'iide, 180. 
Zinc bloom, 180. 
Zincite, 180. 

Zircou, 73, 78, 79t 
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THE FLOWERING PLANT, 

WITH A SriMM.FMI'ATARV ('flAl’IKK ON I'lKNS AM) MOSSKS, 

As Illustrating tho First Principles Oif Botany. 


]\y J. R. AlXSWOR'LTi DAVIS, M.A., I- ./ S., 

Pr-'f. of L'm.'.i'.muV 'f A! ''i\ \ t.* . liiui; 1 in /m 
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UiA chapter on the Phvsiologv of !• 1 -wcis, an ir rejuw(‘,tirjw n fiuiii Dai win, ilemiann 

Mtiiier, 'verr^er, and Lubbock, of wiiat is known of the feriiujanon of i> lowers, is given," — 
your* !'< I'otaKy. " 


ruPUL/tU WOfiK-^ f»N' rf*i \NY JD lin.lIKS-ClJiR 

W til I '1 Si>> I' 

HOW PLANTS LIVE AND WORK: 

A Simple Introduction to Hcjil Life in the Planf-world, F.'iscd on Le.ssons 
oriKiiially giveti to Country Children. 

V ]•: r. !•: a x o r nun ii k s - i ; i w it. 

%• 'Ji .1 : iiifMi .1 .11 tin* '' 1 ' I fill, 'ft i III!.;,' . f til" V".| U' ^ r. to tide 

DStitoti 1 1'l r r V ! T.j- - II 'Mill ( i) ^h'lI* 1. i 1 ( II >■ I "OK !; \ inrM to I «• tii tiii* li.iim’- "I Ml ly Mother 
arid le.i" " : Hu < li, .Mi<i 

“Tl" <•) 'r'TtiM»i -.i ‘,s-t -.'lit .,;m 1 t'l.Mi, M' 'at wMiitfi* hvmk iir rfiiNTirirALiT 

AfflRMr Hit I 11' i .1 I*. Ill -• t '.M ."H il A '..'t'M.; > M' 

"III . '\ .} VC, < iM il it.'.i tl.f 't.id> <».' r.‘ l.Miy x’liKAt n*,k to the jouiir. — 

ScoUma.\ 


WiMi 1 1 1 u ‘it r.'it M H 1 -. r»>\vn mv*. <jilt 12s. t'rl. 

THE MAKING OF A DAISY; 

“WHEAT OUT OF LILIES;” 

And oiher Studies from the'^lant Worjd; 

A Popular Introduction to Botany. 

M V E L E A N O K 1 1 Ti If I-rs -_G I li T.. 

AiitljMl'of Hotv I’lanfA aifl U 

'* A BKif.K r Jptln Ji'ti-oilucfion in the atiidy of FJowcrH.’*J-./'<«r««^i>V H^tahy. 

“ TI:p ho'jk '.-.id I iTunl r«'.i. o to ihos« who ran f!i ri%n i^'t nHuif from tho atuily of 

■ a'.ure in lan opfii . Tho liU'rary Blylo is c<»mmemlrilj'' 

t - — — 
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§§ 4-5: Griffin’s Standard Publications 

YOB. * 

ENOINB^RS, ^ECTRICIANS, ARCHITECTS, BUlLDERSi 
NAVAL CONSTRUCTORS, AND SURVEYORS. 


Applied Mechanics, 

Civil Engrineering-, 
Bpidg-e-Construction, . 
Desig'n of Struptupes, . 
Road Making, 

Sewage Disposal Works, 
Sanitary Engineering, . 

^ Traverse Tables, . 

Centpffl Electric Stations, 
'' Light Railways, . 
Marine Engineering, 
Engine-Room •Practice, 
Pocket-Book, . 

Design of Ships, 

Steel Vessels, 

Stability of Ships, 

The Steam-Engine, . 
Locomotive Engineering, 


IUnkine, Rrowne, Jamieson, 35, 41, 34 
Pkof. Rankink, . 35 

Pkof. Fidler, . , 27 

JS. Anglin, . , . 26 

T. Aitken,. . , 77 

Santo CiiiMP, . . 42 

F. . 79 

U. L. tiUFM>EN, . . 33 

^ n. Woiloing HAM, . 43 

W. If. . . 30 

A. K. S PLATON, . . 39 

J. ( i . Jiiv EnsiixJK, . 29 

Ska i'on and Kounthitaite, 39 
Pkop\ 1 1 akvari) Piles, 38 


T. Walton, 

Sir K. J. Reed, 

ItAN K 1 N K, J AM I FSON, 

W. F. I'ettighlw. 


Valves and Valve-Gearing, (^has. Hukst, 


38 

38 
35, 34 
30 


- 1’, 


Hints on Design, 

Pumping Machinery, 

Gas, Oil, and Air-Engines, 

Oas ?ind Oil Engines, . 

Boilers : Land and Marine, 

„ Steam, 

,, Kitchen, 

,, Heat Efliciency of, 

Chemisti^ for Engineers, 

Fuel and Water, 

Machinery and Millwork, 

HVdraulic Machinery, . 

Ehgineering.Drav/ing, 

Lubricution and LubTiQapts, Auchhutt 1>kkley, 
Nautical SeriesT •• * • I'd- hy Cai*t. Blackmore, 
Rules and Tables, •- Bank ink and Jamieson, 

Electrical Pbcket«-Book, Munko and Jamieson, 
Electrical Frice-lBook, . H. J. Dowsing, . 

The Calculus for* Engineers, Puof. Boct. U. Smith, 
Measurement Conversion, 1’rof. Bobt. H. Smith, 
Nystrom’^ Pocket-Book* IIknnis Marm, . ^ 


< ’nA<. I! l L: 

il. Davia,. 

Hr VAN Donkin, 
Prof. Wa'ikinson, 
T. W. Traill, . 
B. D . Munro, . 

B. D. ]\rrNi{(>, 
Bryan Donkin, . 
Blount Bloxam, 
Browne, 

Prop. Rankine, 
Prof, Bobinson, 

S. jr. Wells, . 


31 

31 
37 
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29 

32 

32 
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41 
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45 

36 
43 
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CJlAIiL^JS GlilFFIK tfc OO.'S PUJirAGATJONS. 


Jl t‘\ It i / V./ v/.i, Ji.xampli”:^ 


THi; l)l;SI(;.\ OF STKL'CTURES: 


A PnLCtlca .1 Treutlao on the BulItilniC of Bi>ldir«»« 
Roc^o, 

Ky S. ANGLIN, C.K., 

Maiitar of Kng.iierrii't^, 1 v<>\a 1 L'n.v» t s'ty ol ii-'t”**?, late WJiit won! i Schi-'I.ai , 4c. 


Tho lerttimg ft-aiure*; in ^fr. cii^l illy-planneii “Design of Strac- 

inrcs ’’ may be brict.y summatioto .«.s - 

1. It supplies ihe w.ur. Ion.: I'eU jiinong of Kiv;inecring and 

Architcctiuo, uf a (.»'uc*>e Tc'JM ix.k r.» MrvV-tmc^, <*ti the part of 

the reader a knnwl'figr of Li.fmkn » Auv Ma'iiifma'I if-j only. 

2 . The m ;1 ;ccl t;/ GKAriiu* i Aii- i> has only of let-cnr vr-ar', been genewiily 

applied, ilk thi> count 17 to tiiAernun * the on 1 tanni SltiscLiinii, ; and 

ia too nuny this 1* done \vui.<Ail a knowledge «'f ll;r pniiriphs upon 

whicb the sconce [. .untlrd. In Mr. Anglin'.s vv..rk the sy*.tcni i^ rxplfiined 
•iToin riJ;:.! i KiwAri tis, and the .SMdeiu hjH tmd in it a valuable aid in 
t'ictenniunig ih.-. slieS'^es. <>n all iiicgui.i: 'ydr.am*:d strri'turos. 

3. A large Ji-.nid or of Pi;A( i \r\i. hxAMM.Rs, '^vru as oiunir in the every-day 

experience c -1 the 1 rgiin'ci, are caictuily worked out, some bcuig 

solved belli .inal) tuMily .'in^i gfaiM.icabj, a, n guide to the SiU'Unl. 

4. 'ITie chai'P js dev- ‘U-d t<» ttu* prnctscal si V t f tlic the S’rength of 

Joints, Pni.cJiitJg, i);.!linp, j\i » ettint,', and other connected with the 

manufa'-iurc of ljr.dg(’.->, KooS, atu: SlnKtaral w. ik ;;cik’r,d;y, li.f lestil): 
of MA^Y YFAFs' 1 X .'1 ,ji I K.NCi'. i.i the bri'igc-yaid t and the inroni'atii,n givt'n 
on thi^ branch i>{ 1i>c subject will be knuid of great value to tiic pxacticaJ 
bridge- Lndder. 


’* oi 1 iigiiir'-rijiy wili liml Oi's k invai ’’ ahi.* ' ~--A rcAi/fi'f 

“'J'be ATjlh'.r i.jv r';’'taii.Jy v^odui mg a Tiiotv* t’f.ui v PHACTiCAt. 

600k. - h’mturf 

"W^i ran till/ -- ii.ii.t’gl/ rer,'*n»/i'f na this vnik ii-a <.iiiy iw ih- SimlcJii. .'*»« ilia i«MST 
Tax r-1 toot; ,tn the ,■:!//€'», bin wiv'/ to lb«* ^s .10 hXv.KaoiMfjLV 

VAI rABt.x iKA-k. Cff Inference."- Al€iht\nt(,a.i kV. /uf t 

, ‘''J’hi-! w uk- ran t»<j ( «)*;FioKNn I V rrct-nioif lulctl l«» ritginr-ers 'Hi-” aiitlu<r hk» viiael^ 

a* . »T »j e liolf • f the iiighi^r m.iLhrniali^,''. ai |/osstI-lt-i .-iik 1 JftiS iipus his book « 

Ti. ( SB 10 THh •■itAMK Ai. Bhl.l^altK. . . . Alter caretui perusa^^wc.liagQ aotluac bus 

» 4 ure k.t th* wotif.' --- Aurwr/. 


iNDONiU 

■‘HAfiLES GRIFFIN & Cl, LIMITED, EXETER STBECr, STRAND. 



ENQiNEERINO AND MECHANICS. 


*7 


Tiiiri; Edition, 'rhorjit^hiy Revised. Royal %vo. With numorous 
Illustrations and 13 Lithoi^aphic Plates. Ilandsom} Cloth. Price 301, 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

B^isf a Text-Book on ttie Construction of Bridges in 
* Iron and Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 

By T. CLAXTON FIDI^ER, M. Inst. C.E., 

• Prof of Engineering, University College, ].>uiiiiee. 


GENEI?AL CONTENTS. 

P.A.RT I. — lcrFM?Ni\i;v - F — The Opposition and 

Bal.iiicc of I'c^rcc*. Si’a.ii — 1 ho Giaphio Kcprobcnlalioii of Bending 

Moment 

TaKI’ n, -(il.NKKVC t'KINifplJs t »F BrIT '-'.I.-G oNS I KUCTION : Thc 

Coiupiiiativo Anatoniv <^1 -C^*m^ill(.(i or Composite liridgcs — 

Theoretual Weight uf J;rHlge^ On Detlectiou, or the (Jurve of a Bended 
Girder — Coniniunu«. ( iinleis. 

Part lir.---diiK SiPCNiitii ok Mat eriai s r—Theorctic.tl Strength of 
Columns ;.nd ('omnU uciion v)f Stiuls -^tieni;th and ('onstruction of 

Ties — Working .Slri'ngth of inui and bteel, and the W'orking Stress in 
Bridges — WoIiGt’s IwjK iMueiit 

Part IV. ---rnK Siskin ok BuintiKs in Detail:— T he Load on 
Bridge'-'. -( Tiieiii.uinn of MtC' '-•es d'le to the MovalCo Lo.id — Parallel (iirders— 
rXrecl ^’ah ul.itif in ol the W t igni ol Moi.il -INuaholic (.Jiidei-, I'olygonal 
Trusses, .mil Ciiivid ciiuieis — Suspen-ion I'lidges and Arches : Flexible 
Gonsii-uclion - Rigid Constrii.tion - llowsising (iiulcrs vised as Arclies or as 
Suspen-ion - Rii;id Arelied Uii)'. or Suspension Rd^.': — Continuous 

Girdei-s ami (Jaijlilever iDidg. s — I'hc .N'ngara Hruige--The Forth Bridge — 
Winil-l’ressun; and WeM lli.iting: Modem E.xpoiiments. 

**Mr. FiiiLKH’ft si’ooK.sfi arisen from the combination of ExrKHiKNCt* and 
■nfPUt'iTT OK di^pl.iyrd oil every page. . . . Theory is kept in 

subordination t«A I’laetico, ami his b<H)k is, therofoie, as useful to girUer-in^era 
ok^to students of ^iPulgo Construction.*’- The Ar'kitffit. 

**0f late yeara fhc American treatises on Practical and .\ppUed Mechanioa 
hale taken the le^d . . . since the opening: up of a vast continent has 

the Atnerican enaiujer a number of now brnlge- problems to soWe 
. . . but wo look to the PiiiAwf 'I'iikatisr on Brumib-Construotion, and 

the Fvrth Bn^e, to bring nti to the front aj^ain.'’ - Enpmeor. 

'‘One of the vkr#kk.st«kbcknt works on the strength of Materials and its 
amalicatiop to Ij^dge-Copslructiom . . Well rei>ays a oaretul Study.” — 
AifinorrwsK • 

“An iNDi!Hi*KNAtBtB HA17DBOOK for the practical Engineer. "—Jlfahuv. 
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Works by BRTAN DONKIN. HJiist.C.E., M.Inst.Meco.E., fte. 

Third Edition, Revised and Enlarged, With additional 
Illustrations. Large 8vo, Handsome CIolV 25s. 

GAS, OIL, AND AIR ENGINES; 

A Practical Text - Book on Internal Combustion Motors 
without Boiler. 

By BRYAN DONKIN. M.Inst.C.E., M.Inst.Mech.E. 

Gsnbhal Contknts.— G as Eniflnes General Description— History and Develop- 
■Mnt — British, trench, and Geriiian Gas Engines — Gas Production for Motive Power- 
Theory of the Gas Engine— Chemical CompoMtion of Gas in Gas Engines— Utilisation of 
Heat — Explosion and Cumbustion. Oil Motors : — History and Development — Vaiioua 
Types- Pnestman’s and other Oil Engines. Hot-Alr Engines History and Develop- 
aaent— Various Types : Stirling's, Ericsson s, &c., &c. 

**The BBST BOOK NOW PUBLISHED on Cas, Oil, and Air Engines. . * Will be of 
VBBV GREAT INTEREST to the numcrous practical engineers who have to make themselves 
familiar with the motor of the day. . . . Mr. Donkin has the advantage of 1 ong 

PRACTICAL EXPBRIEN'CK, CUmhilied With illt.H SCIBNl IFIC AND EXPERIMENTAL KNOWLEDGE, 
and an accurate perception of the requirements of Engineers .” — Tke Enginttr^ 

**We MKARTiLV RECOMMEND Mr. Donfein’s work. ... X monument of careful 
labour . . . Luminous and comprrhen«ive 
** A thoroughly reliable aud exiiaustivk Treaiisc "— Ettj ^ iurerin ^^ 


In Quarto, Handsome Cloth. With Numerous riate.s. 255L 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

With many Tests and Experiments on different Types of 
Boilers, as to the Heating Value of Fuels, &c., with 
Analyses of Gases and Amount of Evaporation;' 
and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E, 

General Contents. — Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
shown in Fifty Table.s — Fire Grates of Various Types — Mechanic:^. I'tokers — 
Combu.stion of Fuel in Boilers — Tran8nr)i'5«.ion of Heat through lft)iler Plates, 
ard their Temperature — Feed Water Hcateis, Superheaters, Feed Pumps, 
&c. — Smoke and its Prevention — Instruments used ^ in Testing Boilej^ - 
Marine and Locomotive Boilers — P'uel Testing Statioifi-i Discussion of^e 
Trials and Conclusions — On the Choice of a Boiler, and Testing of L^nd, 
Marine, and Locomotive Boilers — Appendices— vBibliography — Indax. 

With Plates illustrating Progress mide' daring the present Centusy, 
and the best Alodern Prdtlice, w *' 

*'A woBK or KKFBitr.NCR AT PRRFFNT rxiQt'B. Will ^IvB An^anRwgr to almost any 
fnastlon connected witn the perforinance of boilers that it iMneHible\i9aNk."4>-A;'iiptnetfr. 

" Probnbly the >fOsT exhaumtivk rtuvini that han ever h'eri collected. A PRAcrioidL 
B^iok by a thoiougiily practical man.*'— /row and Coal Trades Review. ^ ^ 

LONDON : CHARLES GRIFFIN S GO.. LIMITED, EXETER STREET. STRAND. 
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Tbibd XomoH, JUfiwd 4ind Enlarged. Pocket-Size. Leather^ 1‘ij. Qcf.; alto Larger Eiwefar 
• Office Use, doth, 12z. tfdL 

Boilers, Marine and Land: 

THEI RECONSTRUCTION AND STRENGTH. 


A Handbook of Rules, FoRMui^iC, Tables, &c., rslativb to Matebial^ 

SOANTIilNGS, AND PUESSUBES, SAFETY V ALVES, SPBINOS, * 

• Fittings and Mountings, &a 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS. 
AND STEAM USERS. 

T. W. TRAILL, M. Inst.O.E., F.E.R.N,, 

Late Enflneer Surrejor-in-Chlef to the Hoard of Trade. 

To THE Second and Third Editions many New Tables for Pressubed 
up to 200 Lbs. per Square Inch have been added. 

0 **TnB MOST TALUAnLit WORK Oil Hnilers pubhahed in Enfdand "—Ski))pina World. 

Contains .*111 #>lNORM<irn Qi antitv op Iv-pobmatmiv amanyeif in a vrry rniMiMiieiit form. . • 

^ MOltr iRKFl'i, xuU'MK . . MU»p!>iiig iiinjriiiatioii to be bail inm IiiTr L'lHi'."— 2Vie /ii/j/iarcr. 


Large Cro^n 8vo. With numerous Illustrations. 6s. 

ENGINE-ROOM PRACTICE ; 

A Handbook for Engineer^ and Officers in the Royal Navy^ 
and Mercantile Marine, Including the Management 
of the Main and Auxiliary Engines on 
Board Ship. 

By JOHN G. LIVEllSIDGE, 

Engineer, K.N., A.&I.I.C.E., Inslnintor in Applied Mechanics at the Royal NaYal 
College, iirecuwich. 

Confent*.— Genornl Posoription of Muritie Machinery —The Conditions of Service and) 
Doties of Engineers of the Koy«it Navy — Entry arid Conditions of Set vice of Engineers of 
the Leading Companies. — lluihin^ Stc.uii —Duties of a Steaming Watch on Engines 

and Boiiera.— Shutting ofT Steam.— ifarhour Duties and Watehe.s Adjustments auUf 

Repairs of Engines —Preservation and I epairs of ‘‘Tank ” Boilcre.-The Hull and its 
FittliigS.^Cleaiiing and I’alnting Machinery — llccipruejiting Pumps, Feed Heaters, and 
Aatomatie Feed -Water Regulators — Evaiiorators. — Steam Bouts. — Electric Lighi 
Machinery. — llydranlie Maehuiery.- Atr-Coraprossing Pumps —Uefr gerating Machiues. 
—Machinery of Desiroyers.— The Management of Water l ube Boiiors.— RegnlatiODS for 
Entry of Assistant Engineers, R.N.— Quehtions given in Examinations for Promotion of 
Engineers, R.N.— Regulations renpectiug Board of Trade Examinations for Engineers, Ao. 

I’he contents cannot fail to di: APFREi'iATEn.’’— 7 Vk Steamship 

** This V BUY D-SKFl'I. UOOK. . . . Il Ll'SIllATlOXS STB nr UREAT IMPORTANTE in a WOrh 

of this kii^,gkitd it is satisfactory to lliid that M’bCiAL attkmion has been given in thin 
reoiieot.*'— (inzette. 


•vw In Crown Avo., txtra^ with Nvmeroua lUuatrations, [Shortt}^, 

GAS A.hD OIL ENGINES: 

An Introductory Text- Book ,o]| the Theory, Design, Constmctioiv 
and Testing of Inten^rCombnstion Engines without Boiler. 

* * . Pf)R TOE USE OP STUDENTS. 

By pRoift.W.*ft. W^VTKINSON, Wiirr. Sen., M.Inst.M*ch.E., 

. % (Snifiow .u<l VTest of Scotland Tecbiitcal Collego. ^ 

lOHDON : CHARLES GRIFFIN & GO., LIMITED, EXETER STREET, STRANX 
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CHARLES GRIFFIN d, CO.'S PUBLICATIONS. 


Skcond Ei>rnu\, Revised. With numerous Plates reduced from 
Wori^iug Drawings aud 280 Illustrations in the Text. 218. 

A MANUAL OF 

LOCOMOTIVE ENGINEERINGS 

A Practical Text-Book for the Use of Engine Builders, 
Designers and Draughtsmen, Railway 
Engineers, and Students. 

nv 

WILLIAM FRANK PETTIGREW' M.Inst.C.'E, 
With a Section on American and Continental Engines. 

Bv ALBERT F. RAVENSIIEAR, B.Sc., 

Of II is Majesty's Patent Office. 

— ■ Hisforieiil Inttodiietion, 1 763* I 8H:L — Modern Locoinolive*^: Simple.— 
Modem Locomui ve't : (,'oT7iy>oiind. I’niii.iry Ci'iisiderailon m i,ocomotivo Design.— 
Cylinden, Steam Cheats, ar.d Stuffing Dojcea.— I' jsiod’i, IMston liodfl, ('roHsheads, andc 
Slide Bam. — I’oniK’otiiij; mid Couphni; K<i.!h — W heel.** aid Axle*. Axle Boxes, IlornblockSy 
and Bearing SpiingF — halnucin;'. — Vaho Oanr.— SHdo Valves and Vaho Gear Dotaiis,— 
Framing. Bogie** and AvSe 'l ruek.*<. ILid'ftl Axle Boxes.- -Boilora.—Sniokebox, Blaat Pips, 
S’lrebox Fitting.**.— Boiler Moutitings — Touders. - Keilway BrtSce**.— Lubrication — (.’pn- 
uamptiou of Fuel, Kvanoration «?i<l Mruine hfllcieney.—Anieriean Lopomotlves —Con- 
tinental Locomotives.— lle))airs, liunniiig, Intpeciion, and Renew nla.— Three Appendices. 
—Index. 

**Likelv to retii.ain for many years the Siai dard Wohk for thOhO tvishing to learn 
Design."— A’wpi’ne/ 

“A most inteiefing aud valuable nddition to the bibliography of the Locomotive. 
fiaiUeay Official Oazettt, 

*‘ We recommend the bo<»k as ihoboi '.iilt rHAcrrrAr. in Its character, and mebitino a 
FLACK ix AXY roij.KorioN ot . . . v-nrUs ou Locomotive Knginceping."— /fttlfwo?/ Af«fv. 

“The work comainh ail tmat tax bk lfajint from a book upon Mich a subject. It 
will at onoe rank as tiiii .standard work upon ihis important .<>1 lucf r,"— AaiVtraj; Aiagutint. 


In Lartjfi 8ro. HainLomu Cloth. With Platen and Illmtr<ttion». 169. 

IL.IGHf'r RAir^WAYS 

AT HOME AND ABROAD. 

By WILLFA.M HENRY COLE, M.Lnst.C.E., 

Late Deputy -Manager, North-Western Railway, India. 

Contents — Oiocu'isioii fit the 'JVrm “Li^ht Itmlways.” -English Hailways, 
Rates, ami Farmers. — J^^ht JiailwayB in Belgium, France, ftoly, other 
cJ^uropean Countries, America and the C«»lonie.s India, Ireland. -^Iload ^sns- 
its an .alti-riiativo. Tlo* Light Railway.s Act, IS%. — The Quedtion of 
4c. Worlcing. — Tiocoiiiotive.** and KollitiK-Stock. — I^ht 
in England, r^cotland, and Walew.— AppencUotxs and Index. r 

Trials ar brought to^'»*’ht*r ... a larok AMon.MTof vautabi.k iNrcascA- 

* . . hiThert > ppaoti'jnily inuc-'owlblo to the ordinary re Mler.’'—7’iw«*. * 

Marine, ai remain, for bouj.i tune yet a .SrA.MDAKD Wivtx in everytliiug relating to Light 
With ♦, • '■ 

¥v\in has et tended prociicd experlonoo tnnt mvkos t"e book Incid and nae/al. 

;li w*'ll done."— , ' 

“A WORK subjoet Is rxiiAi-sTivn.r'and pr-kcttcalm consll.orejt The work can be 
enestion conriecto^’^'*"'**''^ ivnspKS-AiiLK to tho*p whoso duty ii iH«>o become acquainted 
^ “ Probably iho nenes.sltlos of th** iminedialo tuinrH."-^Ratlu>tiif ff/firtal (wette. 

B<.ok bv a thoiouglih ***'- bkttkr hook of first refereiioe da its si All classes of 

a . _ l«u a n»Mia V .nnn " ' 


me its aptiearmcn." — Heetsmnn, 
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Second Edition, Hovised. With Numerous Illustfotions. 

. Price 7 s. 6 d. * 

VALVES AHD VALVE-GEARIHG: 

INCLUDING THE CORLISS VALVE AND 
TRIP GEARS. 


CIIAIILES hurst, Practical Uraiightsman. 


** Concise (*xpl,in:itluiiM i:iiihtrate(l bv r> > vi-kt clear DiAGRAMd rikI iliawings itud 4 foldioB 
. . . the book luUUti a valuable luoctiuu "—.4 1/ioufuni. 


"Mr. Hubht’.s vai.vm hhcI valvr-oraki.ho will prove a \eTy \aluable aW, and t-end to ttM 
production of SCI KETiFic deniok and p.cono.micalwoukin(;. . . . Will be Jargeij 

■wfht after b} ettudeut.'i and heiiiKntira Marine Kntjinetr. 

"UsKKrLJind thoroxvihiy practical. \Vill undoubtedly be (ound of great valuv t< 
Rll ooncoruod with ttie deHi/(ii of Valve gearing "—Mechanical World 


"Almost KVKRT 11 ri. of valve and i(s gearinc? is clearly set fo^tb. nnd illustrated is 
■nehawavas to bo uKAnii.r ENUhiisTooi) and pkaciicallt AFPLihn by eiihor the Engineer 
tiraughtBrnan. or Studout . . . Nhuuid jirove both i an<l \ aluauu: to all Engineer! 
aeeking fur itKiiA]ti.E and cleku infoiinulion on tho Mubjecl Its moderate price brings ii 
within the reach ot all "—InduUnes un<i Iron. 


" Mr. IlcKir'a work is ADMiRtiitv Buft'*d to t!»© rii'cds of tho pracfral mechanic. . . . 
It la free from any elu borate theoretical di'.cussionv, and the exolaniitiouH of the varioos 
iyma of valve-gear aic acconijianied by uiagiAiiis wnioli render them easily ENmutaTOOP.” 
— Sdmtific Amertcan. 


JUST OUX\ Paper Hoards, Svo., Cloth IhiuK. I'nce la. Od. 

HINTS ON 

Steam Engine Design and Construction. 


I'.Y 


HTJTl/ST, 

« a ... ... . .. ' 


• I 


An non oi- "valvis ^ni> valve llauin 


WtTH NUMEROUS t L L U ST R AT I O N S . 


? (UfNTENTsS. 

I 

I. StQiiiii, i’ipcS. VI. Crank Shafts and I'cdtiatals. 

IL. N'alvfcs. ^ ' Vfl. Valve Ccar. 

III, j VJIl. LnbrioativJii. 

IV. Air l*umns #nd Cpndensors. , IX. Miscellaneous Details. 

V. Mciion W%>rk. , 1 ni»i;x. 

"A bandv vfilaits whk^i every prac lira 1 young engineer should 1 orscsk '— 7 %e Model 
Sngiwet 7 ' • '* 
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Important Netn Work. 21s.* 

Large ^vo. Handsome ClotJi. With Illustrations, Tables, &c. 

Lubrication & Lubricants: 

A TREATISE ON THE 

THEORY AND PRACTICE OF LUBRICATION 

AND OS' TIIK i< 

NATURE, PROPERTIES. AND TESTING OF LUBRICANTS. 

J5y Leonard aiuhirutt, F.i.r., f.c.s., 

C'!uiii<-r to the Mi«1Iaii«1 K.iiImh} Ciiiuf.-igi, (- 

11. MOUNTFORT) DKFLKY, M.I.M.E., F.G.S., 

MiiU-iikI Drp.iilinetit. 

(ONTiNTs. r. I'rii’thtn <>t IF. Lt<|iii<l Kii<ti<<n <n* Vi^cofcitv, ami I'lastie 

Fiiciioji.— 11 1. Mipei til liil TfU'iitin IV. 'I he Tlic^ny of Luhi iratiou.- \ . Luhiu'anU, 
their Siume«i, rrojiaration, ;m<l riupeitios.— VI. MiVsiiai l’nipertie.s mid Alcthods of 
hxiiiMiii.ilii'Ji of Lislinranth.- V II. ('heiiii>*:il Proiiertits» lunl .Methods oi f xiiiiiinatlon 
tii Ltihruaiilh.— VTl I. The ^\^tl iii.itie Testii g «)i LuhiiemU!. I y l'h>sieal and rhemical 
3feti.ods.- i\. '1 he .Me<‘h.aiiioal Teiliiigof A 'Ihe Dcbigu uiid Luhiicution 

of Hearing.*.. \1. I ho Lubnentioii of .Machinery. - I\M.,\. 

Oestincil l»» hreoiue ac'i.^>'*!c on the .^uhjtct. - I amt Iron. 

•* fontain.s jn.n tieally Tn.\r i.** known on the Mihjeef I'etervos the careful 
attention of .ill K!ig!neer.s.”- ./»n/f »/•<».»/ (nhrial iitiide. 


Thihd Edition. Vtry fvlly Illuatrated, Clothe 4«. 6<i. 

STEAM - BOILERS.- 

THEIB DEFECTS. MANAGEMENT, AND CONSTRUCTION. 
By R D. MUNRO, 

Chief Engineer of the Scuttigh Iloiler Insurance and Engine Inspection Company. 
(•f-sKKAi. Co*» I ! '. 3 .- I. K.Xf'i * -vioNS c.iiisrd fi) by i.)vrrl)e.uing i>f I’latcs~(») Ily 
IVfeciiVf. and Dim ioattcil Safety S'.'tKc'. (i) Hv I orro**!*)!!, Ini^rnul or !■ Aicrnal— ( 4 ) Uy 

I'cfcit.Vf* f K".ign .ii.ilCoi'strin (L ii'ijppt.ited Hue 'lubes; L’lisuengthcnca Manholes ; 
Selective St iv iiig . Sireiigth <.>f Fiv«ti» I loinLs , I a^ior t-f .Safetj ) 1 1 . t cK-s'l KU^TlfiN 0 .» 

^FK^M.■\I H.'iirKs; sIk.iIn ('t.wn I’Lttcs atid L'pl.ikc 'lulr-s — Mail-Holes. Muil-Hrdt?, 
and FiTO Ho.'fs I''irr>i(ove>. M'/iiniiugs- .M.-in.i*;cnicnl Llcanuig- -1 .ible of Jlurstiiig 
Pressures «r Ste*.;! II.. 1 I' rs 'Tiiblr of Kivnticil Joints - -Specdicaiions and Drawings c.f 
Latn..<sliire Ih-ilor '*or MViikiiig I’ri.ssiitcs <#*) bo lbs , (/^ arxi Ihs. per square inch respectively, 
A \.iiM.able conipaiiK.ii Pt M>irkiii<'U ..i.d engin'-er*. engaged about btraiii Hollers, ouglit 
to he f.irefu'ly ‘‘ludied, r-nd aIwa'Vs ' f ham'.”- Coii. iinatdion. 

" '1 he Itifuk is viiio I sitt-i i , espn laily lo ste.vin uscis, ailis.iiis and young Engineers. " — 
Eugini’er. ^ 

By the same Author. * 

KITCHEN BOILER EXPLOSIONS: Wljjr 

they Occur, and Howto Prevent their Occurrence. ' A Practical Hsfnd- 
book based on Actual P^xperiment. With Diagrams and Coloured Pl£te, 
Price ts. - ‘ * 

NYSTROM'S POCKET-BOOK ^QF MECHANICS 

AND KNtilNEKRINO. Revised and Correct^ by W»)^V<n;s Maus. 
Ph.B., C.E. (YALE s.s.b.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Size. Leather, xjt.* Twbntv- 
FiRST Edition, Revised and greatly enlarged. ** 

tOMOON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND 
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Fifth Edition. Folio, stronglj half-bound, 31/. 

TRAYERSE TABLES: 

Computed to Four Places of Decimals for every Minute 
of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

RICH*ARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and 
Victoria. 

*** Published with the Concurrence of the Surveyors- General for New South 
Wales and Victoria. 

** Those who have experience in exact SurvxY'WORK will best know how to appreciate 
tlie enonnous amount of labour represented by this valuable book. The computativ'ins 
ennlile the user to ascertein the sines and cosines for a distance of twelve miles to within 
lialf an inch, and this *nv rbfbrrkcr to cut Osr Taci.r. in place ot the usual Fitteen 
minute computations required. This alone is evidenre of the assistance which the'l'ahle<« 
x?U!»ure to every user, and as every Surveyor in active practice has felt the want of such 
absisUiice fkw knowing of iiikik publication will khmain without thhm." 

• — Engineer. 


TiiiiiD Edition. Tn Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engineering Drawing and Design. 

“Voi. 1 . — Practical Geometry, Plane, and Solid. 3s. 

•Vou II. — Machine and Engine Drawing and Design. 4s. 6d, 


SIDNEY H. WELLS, Wu.Sc., 

• A.M INST.C.B., A.M.INBT.UBCn.X , 

Principal m the Battersea Polytechnie Inslttute, and Head of the Enirineerlnfr Departmast 
therein : formerly of the EnKlneerinB Departments of the Yorkshire College, 

, ^ Leeds ; and Dulwich College, London. 

^ilA many lUmCAzeions, apedally prepared for the Worh^ and numanmo 
* Examples^ fo^ the Use of Students in Technical Schools and Colleges* 

** a laStouoBLT I7BIFT7L wAel exc^dingl/ well written. For the many Ezamplee and 
Queetions we have iiofliiiig but praiw."— ATature. 

'*ll csriTAiaTRXT BOOK, arrraged on an bzcilubt btstbu, calculated to give an Intelllganl 
grraipof the suhjctjt, atfd not ttie mere faculty of mechanical copying. . . . Hr. Wells ehowe 
%ow to make cqsmtji woBimo-DBAWiiiaB. diecawing fuliy each step in the deeign.”— Eleetriesl 
lUview . • 

"The Snd hook tsads iabilt and ifATtrBAi.LT towards the second, where the teelmleal p«pll 
If bronght into lontaict frith large and more complex derigna"'— The Sakoolmatter. 

ToNDOHT^^ARLES QRIFFInYcO., limited, EXETER 8TREET7~8TRAND. 
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CHARLES GRIFFIN di CO:S PUBLICATIONS. 


WOEKS BY 

ANDREW JAMIESON, M.Inst.CE., M.I.E.E., F.R.S.E., 

Fortner-ly FrofesSi>r cf Elei trL al 'Ffte Giits^ow ami IFfit of Scoiland 

Tfchntcai ColUge. 


PROFESSOR JAMIESON'S ADVANCED TEXT BOOKS. 

In Large Cro'ivn Hva. Fully Illustrated. 

STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examinations. 
With 600 pp., over 200 Illustrations, 6 Folding Plates, and numerous 
Examination Papers. Tihrti:i:ntii EDiTiON, Revised. 8/6. 

"Professor Janiieson fascinates the reader by his clrarnbss of conckption ano 
siMPLiciTV OF EXFKRSSION. His treatment recalls the lecturing of Faraday."— /t 
‘"nie Bf.st Hook yet published for the use of Students.*' — Enginter. 

" Undoubtedly the sfosT vai uaki b ani> most comi'i.ktk Iland-book on the subject: 
that now exist.s."— 

MAGNETISM AND ELECTRICITY (An Advanced Text- 

Book on). Specially arranged for Advanced and “Honours” Students. 
By Prof. Janiioson, as:.istt“d by David Robertson, Jr., B.Sc. 

APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Compri.sing Part T.: The Principle of Work and its applica-* 
tions; Pan II.: tiearing. Price 7s. 6d^ Third Edition. 

"Fully maintajn.s the rcputaitou of the Author— more we cannot say." — Prmei. 
Engineer. 

Vol. 11 . — CompriMOg Parts III. to VI. : Motion and Flnergy; Graphic 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery* 
Second Ediiion. S>. 6x1. 

"Well av:> lkiulv wmth.'. " - The Engineer. 

*.* Euch of the oil’: e 7 o.'uotes i* lomj'^iete tn il^eiL **nd \pld separately. 


PROFESSOR JAMIESON’S INTRODUCTORY MANUALS. 

CrtTion S;v. With Illustrations and Examination Papers. 

STEAM AND THE STEAM-ENGINE (ElemOiitaiy 

.Manual oO. For First-Year Students. ICioHTH Edition, Revised. 3/6* 


" Quite the niomt .‘sokt of MOOKl'-^Enfineer. 
" ^ou~ ‘ 


ould be m the hauxi'x of kvkny enguifcring apprentice.” — Practical Engineer. 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of). For First-Year Students. Firm Edition. 3/6. 

** A CAPITAL TRXT-BooK' . . . llic diagraimi arc an important leature."— .f th vtlmaster. 
"A THORoeoHi.v TRUSTWORTHY Tcxt-book. . . . Arrangement asvgood as veil 

can be. . . . Diagrams ate also excellent. . . The subject throughout treated as an 

. eKcntialiy pkactical one, and very clear instructions given." — Nature. 

APPLIED MECHANICS (Elemental]: , Manual ci). 

Specially arranged for Firs;- Year Students. Fourth Edition^ 
Revised. 3^6. 

[^Vothing is taken for granted. . • Tl ; vork ijs vaav high QUal'itibs, which 

**' — ScienA a 


^ ''ondensed into the one word ‘ clear," 


t and Art. 


may] 


K 'RT-BOOK of ELECTRICAL Bt)LE^ tOsi TABLES. 


* WTION^ r/^iS US£ or electricians ANDtENGlffEERe. 

, ’ 'Ue. Leather, St. fid. fiftunth EAitUH.- S<i-*p. 43. 

b.E8 GHIFFIH £ 150., LIIIITED, EXETER STREET, STRAND. 
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WORKS BY 

W. J. ' lAGQUORN 8ANKINE, il.D., F.R.8., 

lMt9 ReqIus Professor of Ciuli Engineering in the University of Qiasgau, 

• THOnOUGHLT RKVISED BY 

^ W. J. MIL LAE, C.E., 

Ude Secretary to ^he institute of Engineers and Shipbuilders in Sootiand. 


.A MANUAL OF APPLIED MECHANICS: 

CompriBing the Principles of Statics and Cinematics, and Theory of 
Structures, Mechanism, and htachines. With Xumeroua Diagram^.. 
Crown Svo, clorti, 12a. 6d. Sixteenth Edition. 

A MANUAL OF CIVIL ENGINEERING: 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car^ 
pentry, Metal Work, Ponds, Railways, Canals, Rivers, Waterworks^. 
Harbours, &c. With Numerous Tables and Illustrations. Crown Ito 
cloth, 168. Twentv-ITrst Edition. 


A MANUAL OF MACHINERY AND MILLWORK : 

Oomprising the Geometry, Motions, Work, Strength, Construction, aiid> 
Objects of Machines, &c. Illustrated with nearly 300 Woodontiir 
Crown Svo, cloth, 12s, 6d. Seventh Edition. 


MANUAE^OF THE STEAM-ENGINE AND OTHER- 
JPRIME MOVERS: 

Win/ ft Section on GAsf Oil, and Air En oinks, by Bryan Domkin^ 
M.lnstC.^ ^ WitA Folding Plates and Numerons lUustratioiia.. 
CrovAi tfv^oloth,^?‘2a. 6d. Fouutjcenth Edition. 

iONDON: CHARLES WfF1N (S; CO., LIMITED, EXETER STREET, SIR AHO. 
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Piop. Rankinb's^ Works— (CM/ rVtW). 

USEFUL RULES AND TABLES : 

Eot Architects, Builtlers, Engineers, Founders, Mechanics, Shipbuilders, 
Surveyors, Ac. With Ari’E>fDix for the use of Electrical Enoikxxjss. 
By Professor Jamieson, F.ll.S.E. Seventh Edition. 10s. 6d. 


A MECHANICAL TEXT-BOOK : 

A. Practical and Simple Introduction to the Study of Mechanics. By 
Professor Ka^'KINE and E. F. Bambek, C.E. With Numerous lllua- 
tratious. Crown 8vo, cloth, Os. Fifth Edition. 

The ** Mechanical Tfxt-Booe" traj deeigned bg ProfeBior Kameihe m «*• Inna* 
acenoH to the above jSertee of Mmnuaii. 


MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal Svo. Cloth, 31s, 6cl. 

Part 1. Papers relating to 'L'emperature, Elasticity, and Expansion of 
*Vapours, Liquids, and Solids. Part II. Papers on flncrgy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, Ac. 

With Memoir by Professor Tait, M.A. Edited by VV. J. MiLi.AH, CJL 
With fine Portrait on Steel, Plates, and Diagrams. 

** No more endunng Memoria.1 of Profesior Rankine could be dcTUted than (he publfca- 
ekm of thew papers in an acceuible form. . . . 'Phe Collection is most valuable oa 

necount of the nature of his discoveries, and the beauty and completeness of his analysis. 

. . . The Volume exceeds in importance any work in the same department publialMd 

in ov time.** — Architect, ,, (, 


SHELTON-BEY (W. Vincent, Foreman to the 

Impcfial Ottoman Gun Factories, C(^t^nti4:^le) : 

THE MECHANIC'S GUIDE: A Haih^-Bool^ for Enginettv and 
Aituans. With Copious Tables and Valuable Recipes liftr practical Ufib 
Illustrated. Stepnd EdUUn, Crown Svo. Clot£i, 7 / 6 ^ ^ 


LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRANOk 
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IMPOR’fANT NEW WORK. JUST OUT. 

In Large 8«;o, Handsome Cloth, IVith Frontispiece^ several Plates, 

• and over 250 Jllustratiuns, 2 is. 

THE ?1«HCIPLES AHD COHSTRUCTIOH OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE), 

With Practical lllustAitious of Engines and Pumps applied to Mining, 
Town Water Supply, Dratnaok of Lands, &c., also Economy 
and Efficiency Trials of Pumping Machinery, 

By IIPINRY DAVEY, 

Ifembci^of tho lusiitution ot Civil Knginoer->. Mombor of tho Institution of 
Meohaniual EngiiiootH, F.GS.. itu. 

CoNTKXi's — Kiirly History of Pumping' Engines— Steam Pumjwng Engines — 
Pumps and Pump V^Ivus— (Jencral l*rinc!i]»les of Non-ltotative Pumping 
■Engines— The Cornish ICngine, Simple and (Compound — Types of Mining 
Engines— Pit Work— Shaft Sinking -Hydraulic 'rransmissioii of Power in 
Mines — Valve Gears of I’urnping Engines — Water Pressure Pumping Engines 
— Water Works Engines -Piimpinir^Eiigine Kcoriomy and Trials of Pumping 
IVlachiuery — Centrifugal and other i,ow-Lift Pumps — Hydraulic Kama, 
Pumping Mains, kc.- In!>kx. 

“By tlio *ono Kiiiflish Eiigineor wlio probibly knows more about Puniring Machinery 
than Asv otiikr' ... A voi.isiu imoRuiso riiB BasuLTS or lono kx^kkikitcb and 
HTUDY .” — The /v'jfiiefy. 

“ fln'ioubtedlv TfiK nK<«r and v<>sr i'Maciicai, tkk.\tisv on Pumping Machinery that has 

iKT nKBV I'niu.siirn."— J/oowf/ ./<»w; «.«/. 


SECOJ^D EDITIOJV, Eevised and Enlarged, 

• In Large 8vo, Handsome cloth, 34^, 

HYDRAULIC POWER 

AND 

HTORAULIC MACHINERY. 

BT 

HENRY ROBIIHSON, M. Inst. C.E., F.G.&, 

VB&fw or king’s cov^gb, SLofnoN ; nor. or civii, bncinbkmng, 

^ Kill’s COLLBGB, BTC., BTC. 

imitb numifibu0 ^ooDcutd, anb Sixti?«*nlnc platee» 

^ Boolacrf great Profewimal Usefuluess."— /nm. 

lONOON: CHARLES GRTFFIN i CO., LIMITED, EXETER STREET, STRANa 
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OBABLms ajtirriy a oo:s puBifiOATwna. 


Hoyat 890, Hantlaomo Oloth, 26a. < 

numerous JllustroHons and 7'ahlts^ 

THE STABILITY OF, SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P.. 

naCKT OF THB IMPKRIAI. ORDERS OF ST. STANILAUS OF RUSSIA ; FRANCIS JOBBFK OF 
AUSTRIA; MRDJ1DIR OF TURKEY; AND RISING SUN OF JAPAN; VICS- 
PRRSIORNT OF THR INSTITUTION OF NAVAL ARCHITBCTS. 

In order to rend<-r the work complete for the purposes of the Shipbuilder, fhether al 
kone or Rbroad, the Methods of Calculation introduced by Mr. F. K. Barnes. Mr. Grat, 
M. Rbbch, M. Daymard, and Mr. Bknjamin, are all Riven separateljr. illastnted ^Sf 
Tables and worked-out examples. The b^k contains more than aoo Digrams, and m 
fflustrated by a large number of actual cases, derived from ships of all descriptions. 

** Sir Edward Rreo's * Stai iLiTr of Ships * is invaluable. The Naval AacHTmCT 
will find brought togetner and reao> to Hts hand, a mas.s of mformation which he would othei^ 
wise have to seek in an almost endles.s variety of publications, and some of wjiiich he would 
potoibly not be able to obtain at all elsewhere.'*— Arra»MrAr/. 


THE DESIGET AND CONSTRUCTION OF ^ SHIPS. By John 
Harvard IHies, M. Insi.N.A., Piollssor of Naval Arrhitcclure in the 
University of Glxsfjow. [/« Preparatim. 

Just OCT. Illustrated with I'latos Numerous Dia{»rams, and l'’ij^in“! 
in thi‘ IfM. iSn. net, 

STEEL SHI PS; 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Shin Superintendents, Students, 
and Maiine Engineers. 

lU TIIO.MAS WAI.MON, Nav.m. Architect^, 

A' ruou (,}■' ‘‘KNOW Y‘»; R •-iifi'.” 

(.*nMKNT< — r. ManufaiJtiirv Iruii, Wrou/lit Iriin, and Steel, 

pihition of Iron and Stufl, Stiviiu'tli, ttc. II. (’la.ssifi<'.at.iori of 

Steel Ship}*. Iff ( ‘ons-uleratioii.s in inakiii'.; elmiee <.f Typo of Vvs.s« I. — F raminji( 
of Ship’*. TV. Stiain.s hy Ship.'-.- Methods ( •imjMitiiij' aiul 

CJoiDfiarin;^ Strt*n;,'lhs i.f Ship-', \'. < '*»iLsti’iK tion of Ships. --Alto rinV-i'e Modes, 
of Constniotioii 'I’ypcs of 'I’ljirct, Self TriiiiTnifiL^'.|? ;!|id Trunk 

Steamers, itc. — Kiv-nts and liivottiiijr, Workniaii^hip. V’l. Piiiiij»i'iijf Arrange- 
ineuts. VII. Maiiitenancr. -Pr«‘ventiou of Dettrioraiit.ii in the HuIIh of 
Ship.'<. — Cement, Faint, ^Vc. 

Second P.1dition, f'lidli, 8s. 6d. Leather, for the Pocket, Ss. 6<L i 
OBIFPIN’S ELECTRICAL PBmE-EC^K ; f-nr KItv/ Civil, 
.Marine, and Boron^li P.nginccrs, iJicJhAiirhoriJic^ Ardiitirt.s, Kailway 
Omliaclor'^, Arc., Krlilcd hy IT. J. DAwsino. » 

"The Electrical PricK'Book rhmovm ail mvstIrv abSa^lb^ co.st of Ekctriad 
Pow«r. By its aid the rxprnsr that will be entailed by uidisingt elf ftntityvon r largB or 
•tn.ill scale can be discovered.*’ — AfrAHect. e ^ * 

— t »!-* 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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t :^upt»eiitb Bdltton, Revised. Prfee 21 *. 

D^nuff ivo. Cloth. With Numorout lUtulratkgu, reUAked from 
• Working Drawing». 


•A MANUAL OF 

MARINE ENGINEERING: 


CX)MPRISTNG THE DESIGNING. CONSTRUCTION, AND 
^ WORKING OP MARINE MACHINERY. 

By A. E. SEATON, M. Inst. C. E., M. Inst. Mech. E., 
M.Inst.N.A. 


GENKRAL CONTENTS. 


Part L»-Prlnclples of Marine 
Propulsion. 

Part Il.—Prinelplos of Steam 
Ensrineeringr^ 

Part III.— Details of Marine 
Engines: Design and Cal« 

This Edition inrhnlcH a Chapter on 


culations for Cylinders, 
Pistons, Valves, Expansion 
Valves, &c. 

Part IV.— Propellers. 

Part V.— Boilers. 

Part VI.— Miscellaneous. 

Watkk-Tudb BniLBRA. with Illnstre^ 


tiuDH of the leading Types and the lliiles of the Bureau Veritat. 


** In the three-fold capacity of enabling a Student to learn how to design, ooastruoV 
and work a Marino Steam-Engine. Mr. Seaton’s Manual has no bital.”— TV inai. 

**The important subject of Marine Engineering is here treated with the thoxouoh- 
NV8S that it. reouires. No department has escaped attention. . . . Gives the 

results of muen close study and practical work.” — Enginmrino. 

By far the BEST Manual in existence. . . . Gives a complete account of tho 
methods of solring. witii the utmost possible economy, the problems before the Marine 
Engineer.”— jf^Asmeum. 

”Th^8tudent, 1 draughtsman, and F^nginser will find this work the MOR TALUABLB 
H'ANqiroOK ot Keference on the Marine Engine now in existence.”— Marine Engimmr, 


Sixth Edition, Revised. Pocket-Size, I.<eather. Ss. fid. 

A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

rOK THK USE OP 

ifarlne Engineers. Naval Architects, Designers, Draughtsmens 
> • s Superintendents and Others. 

I ^ I BY 

A. •EnSEATON^A^I.^.E,, M.T.Mech.E., M.LN.A., 

, AND 

BL^M.’ jlt^lTNl'HWAITE, M.I.Mech.E., M.LN.A. 

• ^AfiRAit.Y rULPiLS il< purposc.”— A/lsrin# Erngimeer. 

'"iQHOON : CHARLES C^IFFIN & CO.. LIMITED, EXETER STREET, 8TRA«J. 
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WORKS 3Y PROF. ROBERT H. SMITH, Assoc;M.I.C.Em 

M. 1 .EI.E., U.I.Uln.E., WhlL Seh., 11 . 0 rd.Il«l]L 

THE CALCULUS FCR ENGINEERS 
AND PHYSICISTS, 

Applied to Technical Problems. 

WITH EXTENSIVE 

CIpASSIFIED BEFEBEKCE UST of INTEGILkj:.B. 
By PROF. ROBERT H. SMITH. 

ASSISTED DT 

R F. MU TRUE AD, M.A., B.Sc., 

Formerly Clerk Fellow of filaafrow L'niveisity, and Lecturer on Mathofnatioe el 
Mason College. 

In Crown 8i‘0, extra, with Dtcujrama and Folding- Plate » Ss, 6d. 

'* Phop. R. II. SMirn'd book will be serviceable in rendeilng a bard road as bast as peACTio> 
aeui for the uon-niatheuiaticaJ Student and Knaiuei!r.">~.^fl/<«;/i(rum. 

*' Interesting diagrams, with practkal illustrations of actual ucnirrence, are to be found here 
In abundance. Tbr vsar court btb classipied bepkekeck TAntp will prove very uaetui Ik 
saving the time of those alio want au integral iii a hurry."->TA€ Jivgintfr. 


MEASUREMENT CONVERSIONS 

(English and French) : 

28 GRAPHIC TABLES OB DIAGRAMS. 


Showing at a glonoe the Mqtual Conversion of Measokbments 
in Different Units « 

Of Lengths, Areas. Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, Ac. 

For tho use of Engineers, Surueyora, Arehttecta, and Contractors. 

in 4to, Boards. 7a. 6d. 


Prof. Smitii'.h Conversion-Tables form tli« moat unique and com- 
prehensive collection ever placed before the profession. By their use much 
time and labour will bo saved, and the chances df ^error in calculrCioii 
diminished. It is believed that henceforth no Engineer's OtDco wiU bs 
considered complete without them. 


**The workls ibtaloablb."— C oNwry OiHirdtarr ^ ^ 

** Ought to be in btbbt ottca where even occasional eoR,*eiwone are required. . . • FroC 
Smith's tablbs form very bxcblumt chbcbs on results.’^— jEfccCricol lievfno. 

** Prof. Smith deserves the hearty thanks, not only of the ^vemmAt hiit^of the OCMMBBaAS 
Womu>. for having smoothed the way for the Aiwmoif of the J|BTiiia;fimfllaof SfBASVk■MB^v• 
a subject which u now aaeomiiig great ImportaiiGe as e factor ,in roalntalnliig.our mold upuM 
toBSieir TBApa''— The Maehinenf liarha. - l. f, 


LONOON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 


ENGINEERING AND MECHANI03. 


4 * 


* In Large 8vo. Handsome Cloth. 10s. 6d. 

CHEJVIISTRY FOR ENGINl^ERS. 

• BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

• F.I.C., F.C.S., A.I C.E., F.I.C., F.C.8., 

(tenmlting Cbemiat tlic Cruwu Agenti for Conialilng Chemist, iiead of the Chemlstrr 

the C<>ioiiies. Department, tioldsmlths' Inst., 

New CroM. 


QENlBAL CONTE NTS. >-IntrodTiction—CliemlBtr 7 of the Chief Materials 
of Constmctlon—Sources of Energy— Chemistry of Steam -raising— >Cheml8> 
try of Lubrication and Lubricants— Metallur^cal Processes used In the 
Winning and Manufacture of Metals. 

“The authors hare sdcckrdkd beyond all expectation, and hare prodnced a work which 
ahonld giro kiiksii I'owHa to the Engineer and Manufacturer."— ZVie Times. 

“Practical TiiRornuonT ... an admirablx txxt-boor, useful not only to Studenta, 
bat to ENQiaaBBs auil MANAOBaa or wobks lu raaTXNTiMa wabtm and iMPBOvisa rBocisBBS."'** 
SeoUman. 

"A book worthy to take niOH bank . . . treatment of the sahjeet of oabbous run 

particularly gotvi. . . . Watkb oas and Its production clearly worked out. . . . Wa 

WABHLr BKCOMMMNO the Work."— J^oumat ofUat Lighting. 

For Companion Volume by the same Authors, see '^Chemistat 
FOR Manufacturkks,” p. 71 Grtoerai Catalogue. 


Works by WALTER R. BROWNE, M.A., M.Inst.C.E., 

Laie Fellow of Trinity College, Cambridge. 


THE STUDENT^S MECHANICS: 

An Introduction to the Study of Force and Motion* 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

*** ewA in style and practical in method, 'Tun Studbmt’s Mbchanics' is cordinlly Is bs 
ssmnf ended firm all pouiU of view. 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, is. 


Demy 8vo, with Numerous Illustrations, 9s. 

FUe L AND WATER : 

A Mantiftl for Users of Steam and Water. 
BT..yaor. FKANZ IsCHWACKHOfER of Vienna, and 
^ W/LTOP^.. BBOWNE, M.A., CE. 

Gbmbral CoNTBNTS.-^Hait and Combustion— Fuel, Varieties of-^Firing Arrangc- 
Biuts ; Fur&ce^^nues, dJhimney — The Boiler, Choice of — Varieties — Feed -water 
UnBtei^S|ui|[|roea— Water : Composition, Purification— Prevention of Scale, &c., &c. 
**The Section on neiu ts one of the best and most lucid ever written.**— 

** Cnnn^ |dl IS b^ valuable to tihousands using steam power.**— AmAnajp En^me&r. 

LONDON: CHApiES QRIFFIN A CO.. LIMITED. EXETER STREET. STRANa 
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CHARLES GRIFFIN CO:S PUBLICATIONS 

t ; 

With Tables, Illustrations in the Text, and 37 Lithographic i^latet-. Medium 
^ 8to. Handsome Cloth. 30s. 

sewag£: disposal works i 

C* 

A Guide to the Construction of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries. 

Hy W. SANTO CRIMP, M.Inst.C.E.s F.G.S.’, 

Late AaAi&tant-Eiigiaeer. lA>iidoD County CouuciL 

Second Edition, Revised and Enlarged. 


PART I.— Introductory. PART II.— Sewage Disposal Works in 
Operation— Their Construction, Maintenance, and Cost. 
iniisKrated by Plates showing the (^neral Plan and Arrangement adopieci 
in each DistncL 

From the fact of the Author"', having, for some years, had charge \if the Main 
nrauiage Works of the NoitLcrn Sectiuu of t'tc Mriropolis, the chapLcr on London will be 
found 10 contain many imptoriant deijuls whicn wuuid not otherwise, have h< eu a\.ulablc. 

** All persons interested m Samtiiry Staeun* a debt nt craitiiidc to Mr- Cinnp- . . . 
HU work will be especially useful to ^A.'nrArv Author itm -. and ihtir adri'.ers . . . 

KMMBMTLY rRACTICAl. AND U^CFI L glVCS plans and de>.LfipUons of MANY or THU 

MOST IMPOKTANT srwagk WORKS of England . . . with very Tjiuahle information at t* 

tiM COST of construction and working ot each. . . . 'The cateluily-prepared drawings per- 

■k of an ency comparison between the diderent systems.” —Low. vr 

** Probably the most coMPiJcrx and < Rirt.TiSR on die subiect which has .ipw' .ucd 

in our lnr||[uage . . Will prove ot the gr^ateac use to ail who have the piob.cm uf 
Sewage Disposal to fioce.** — Edintu*i^k Journal, 


In Cro-.vn Svo, Extra. With Illustr.alirms. S';. 6 d. 

CALCAREOUS CEMENTS: 

THCm HATURC, PRCPARATIOH, AND US€ 3 . 

^BTEEJm soanoe Reima5&.vl«ia nniaon. Cenraeant 

Bv GILBERT R. REDGRAVE, Assoc. Inst. O.E., 

A^Histant rotary l<«r 'r< « ..jii.’.Mfv, lit.iid of JMiu-ation, South l\> iisin'.ttoii 

General Cr>.vrK.\Js. — Inlioduction— Hbtorical Keview of the Cement 
Industry — The Early Days of Poiiland Cement — (’0111 pohiiion of Portland 
Cement — I'ROCESsfs ok Manukacturk— The Washmill and Ih a Hacks — 
Hue an»l Chamber Drying Piocc's'.es — Calcination of tlieCerniii ftrixturc — 
Grinding of the Cement — Comf>o-,ition of Mortar and Concreu* — C rment 
Testing — Chemical Analysis of Portland Cement, Lime, and Raw 
Materials — Employment of Sings for CcmcMit Malc'ng — Scott’s Cem^if, 
Selenitic Cement, and Cements prorluced from .NewUgV, blurlge and • the 
Refuse from Alkali Works — Plaster C'emcnis^— SpecifVaiion.s for Portland 
Cement — Appendices {(jra^e.^ Evidved fz'^m^Ctf.^erU Works, Efl 6 t*rrs of Sea- 
water on Cement, Co's! of CerneiU Manufaciurf , 

** A work calculaiod to b« of okbat and ExrKSur.u uni.iTY.”— rVi.'r/iirfil Fem. * 

“ Ikvauiart.r to the Studoni, Arolutoct, Htul hi»,xiiitN''r.''-lAui/i/ii-Hk Ag|r«. 

** A work of th« orgatebt i!vtk»ik.st an l uakflij^e-'S, which onYery eiittoal 

porlod of the f>mcnt Trad®."— flriL ft-arlt Journal. ^ 

** Will b« aaefal to Axt. intereiUid in the MAVurACTirus, u»b, and^Tamuri /ft 

^ ^ 

LONOON : CHARLES GRIFFIH & CO.. LIMITED, EXETER STREET, STRAND. 
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Just out', Large Szfo. Handsome Cloth, Projtisely Illustrated 
with Plates^ Diagrams^ and Figure 24J. net, % 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

Including the Generation and Distribution of Electrical 

Energy. 

BvCHAS. II. WORDINGHAM, 

A.K..C, M.Inst.C.E., M.Inst.Mhch.E., 
l.ate Member of ibe Council of the In^titut.. of Klectrit.il Engineers, and Electrical 
Kiigiiiccr to the C ity of Manchc:>ter. 

CONTENTS. 

I Itiiroduciory — CcmiUaI Si iiin'i Work a*. .» JVofession --Cenir.il Station Suppily as an In- 
vestment I'm* K'^talfli'.Iimeni of .i Ccnti.il Station — Systems of Supply --Choice of Site — 
Architcctni il Kcittncs — t lio..^c of Ulant and tifrural Deiki^n. 'toilers — Systems of 
Drausjhi and Waste Heal K. inioaiy. -Metliodsoi Kiiin^ lioilcrs -Coal Handling, Weighing, 
^lid St 'ring — l■'cedlM!:; «‘b r» v.lcr-.. The Tian ^mission 01 Steam. — (JeiK*r.iiors.— Condcii-sing 
Applian.es. — Swit^ hin.; ih* <'■, I nstrii infills, an*! (' mncctions. Distributing .Mains. — Drawing- 
m SyMenis — Muilton Systems, Duderirn s. Insulation, Resistance, and Cost —Distributing 
Nclvvorlvs — Seivi.e Mams .vnd rcid<'is. -Testing of .M uas - Kororduig and Laying of 
Mains. Meters .mil Api*i'.m<-«.s -m Cou.'itnjrs* l*M.iriiso.. -.Si.mdardising and Tc.sting Labor- 
atory -- SctoiiJary UaMeries, - Sireet I igliiing I’ost of lV*,viiiLlio;i. — .Methods of Charging. 
— Regulations of Consuiiui 's Insiallatioiis - iJencral (>ig.«jis.itions of a Centr.-il Station — 
'J’he Cjciierating 'station — Vhe .Mains Department — riic InstalluUon DepartmeuL— yThe 
Standardising Depart. neiit --'i'lic Drauing ()lTicc, rransfornnng Stations, and Street Light- 
ing — The Clerical Dep irtmc-at- -The Consumer — 'I’lie R. >1111110 and Mam Laying. — I nukx. 

“Oiieol the Mo.si VALf \ui t < o.N ikiiiotions to Central Station liipraiurt* A\e h.ive had 
for some time. \V<: ivondei at tin industry .md jciscn tr.uicc winch have iiroduced the 
\olunic licfoie us. — l-.ri'ti/ uJty. 


MqNRO A JAMIESON^S ELECTRICAL POCKET-BOOK, 

I'ji lEENTH Edition, Revised and Enlarged. 

A POCKET-BOOK 

OF 


BLBCTUICAL liULES 

JbR THE USE OF ELECTRICIANS A A 


& TABIES 

ANI? ENGINEERS. 

Py JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.E, 
^ With N\]/i^rSus Diagrams. Pocket Size. Ltcathcr, 8s. 6d. 
-PENJ^BAI. CONTENTS. 

Units ol**ltJ>a.Mirc-incnt. - • Mo^ifes.^-'l'esiuig. — Coiuluctors. — Dielccirics. — Submarine 
Cablc-s. — rdegr.M'liy. #Elccii^^iei*islry. — Klociro-Mciallurgy. - Uatieries.— Dynamos and 
Molorsg— Traiisto^nicrs,— KlJctn# Lighting.— Misccllaneou.s.- -Logarithms. — Appendices. 

** WoMDBRFi;i.^y^|KsrBC%‘. . . . Wenthy of the highest 1 

givB it.**— p . 

**The Stbbling VAi.yB of Meatn. Mpmbo and Jamwsoms 
Mkctneai 

iOHDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET,. STRiUiD. 
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By PItf)FES80ItS J. H. POYNTINtt ft J. J. THOMSON. 

?[ii Large 8to. Fully Illastrated. « 

A TEXT-BOOK OF PHYSIOS: 

COMFRISINO r 

PROPERTIES OF MATTER ; SOUND; HEAT; MAGNETISM 
AND ELECTRICITY; AND LIGHT. 

J. H. POYNTING, J. J. THOMSON,' 

8C.1>., M.A.. r.B.8., 

1miI« Fellow of Trinity College, Cambridge: Fellow of Trinity Cnllege, Cambridge: Prol 

Frofeoaor of Phyaice. Maaon College, of Experimental Phyaics in the Unlyeraity 

Birmingham. of Cambridge. 


Volume already published, Skcovd Edition, Price 88.«.6d. 

S O U Ff D. 

CoNTKSTs.— The Naturo of Sound and ite chief CharacterlMtics.— The Velocity of Sound 
In Air and other Media.— Hell cion aud Kefraction of Sound.-— Kri'i^uency and Pitch of 
Notoa.— Keaonance and Forced (lacillations — Analyaia of Vibnitionp.— The TratiPTerae 
Vibrations of Stretoiied Strings or Wirce —Pipes and other Air Cariti»*H.— Rods.— Plates. 
—Membrauea.— Vibrations nmintained by Mt-al.— Sensitive Flames and Jets.— Musical 
Sand.— The Superpositicn of Waves. - Index. 

“The work . , . inavbe recommended to*nnyone desirous of possessing sn east, 
CP-IO-OATK STAKT>AHIf TlltAlTiK OU AeOUStlca ’ — iLl/Cro/lirc. 

“Very clearly written. . . . Tlie names of the authors are a gimrnntcn of the 
f'CiMKTirio ACOCUACY uiid t'i’-To*oATii citAUACTkH of the Work J'^UuCflt lOUttl Timet-. 


I.NTRODin/roRY Vdi.i MF, fullv Illustrated. At l*ki:ss. 

PROPERrriESS OF RXATTRR. 

CoKTBxrs. — Gravitation. — Tlie Acceleration of Gravity. — El-iRticify.— StrcRSOH and 
Strains.— Torsion.— Bending of Rod >«. — Spiral Springs —Co IiHh»n.— Compressibility of 
Liqnids. — Prc.ssurc^ urid Volumes of Gasen. Thermal KlfcctH Acconip in^'ing Strain.— 
Cnpillarity — Suriaoc I’ennion.— Lapliu-e’s Theory of Ciipil.anty.— UiffuMion of T/quids- 
Diffnsion of Gases.— VncoMiy of Liquids. ‘ 


In large 8vo, with Bibliography, Illustrations in the Text, and seven 
Lithographed Plates. 12 s. 6d. 

THE MEAN DENSITY OF THE EARTH : 

An Essay to which the Adams Prize was atUudgedln 1893 la 
the University of Cambridgre. 

BY * 

J. H. POYNTING, S(t.D., RR.S., 

Late Fellow of Trinity College, CambrfdgL'; !n^essor , of ' Ph5*s]^^ Mason 
College, Binninghanl.^ , 

** Ao account of this sabicct cannot fail to be of orbat and cMWiaA vi’TFaBST to the sdentlfir 
■iDd. Especially Is this tiis case when the aecoant Is given by ov^l&i'bss contributed no 
soBstderably as has Prof, ^uyntins to our present state of kaowIcdCe Mtb respect to a very 
dUionlt subject. . . . Remarkably bos Bewton’s estimate beet verlfled by Pref. Poyntin^”— 

aihSMSIMI. * 'c r 

LONDON: CHARLES ORIFFIN k CO., LIMITED, EXETER 'sTREET, 8TRAKD. 
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§6. €RIf¥^IN’S nautical SERIES. 

Edited bt EDW. BLACKMQRE, * 

Mnster Mariner, First Class Trinity House Certificate, Assoc. Inst. H.A. ; 
W'lUTTKN, HAINLT, by 8AIL011S toV SaILOJIS. 

“This aiimikadlh: hkries.'*— F« irpZay. “A vert useful series."— AT aCure. 

V The volumes of (Iiuffin's Nautical Series may well and profitably be- 

read by all Interested in onr national maritime PRoaRKSS.”— Jfffri/wj Etufineer. 

“Every shiI* should have the whole Series as a Reference Library. Hand- 
somely noUNO, CLEARLY PRiNTEi* and ILLUSTRATED.' — Liverpool Jotirn. of Commerce. 

The^FHish Mercantile Marine : An Historical Sketch of its Kise 

and Development. iUy the Editor, Capt. Blackmork. 3s. fid. 

“Captain Blackinore's SPLKMMD ROOK . . . contains paragraphs on every point 

of interest to the Merriiaiit Marine. Tlie !I4:> padres f)f this hook arc THE MOST VALU- 
ABLE to the sea captain that have ever been c«>Mi‘iLED.‘' — Merchant Service JtevUw. 

Elementary Seamanship. By D. VVilson-Barkkr, Master Mariner, 

F.K.S.E.. F.ll.0.8. Witii numerous Pluics, two in Colours, and Frontispiece. 
Second Edition, Iteviscd. r>a. 

•This ADMIRART.E MANUA7., l>y Cait. WILSON BARKER, of the ‘Worcester,* eeeme 
to us PERFECTL V DESIONKD. ” — .^1 IheiKeum. 

Know Your Own Ship : A Simple Kxplanation of the Stability, Con^* 

stniction, Tonnafjl:, and Freeboard of Sliiir^. By THOS. Walton, Naval Architect. 
With nunicrouH Illustrations ami additional tiiapteiK on Buoyancy, Trlni, and 
Calculations, sixth Edition, llovised. 7s. ud. 

“Mr. Walton's book will be found very uskkul.’*— T/ tr. Engineer. 

• 

Navigratlon : Theoretical and Practical. By D. Wilson -Barker, 

Master Mariner, t\o., and W'illiam Allinoham. .^a. fid. 

“Precisely the klml (f woik required for the New t.'ertlficates of competency. 
Candidates will find it in vall a rlk.’* Adrertiser. 


Marine Meteorolog'y : For Ollicers of the Merchant Navy. By 

William ALLINOHAM, First Class Honours, NaviKation, .Science and Art Department. 
With llluatratioiis, Maps, and riiagiains, and jaehnnUc reproduction of log page.- 
78. ed. 

“Quito the JiE.s'T l*l ui.RWTDLV «»ti this .«!ubjVct.”- Shipping Cnzetie. 


(.ati^de and Longrltudo : How to find them. By \v. J. Millak, 

C.J., late See. to the Inst, of F.ngincers and Shipbuilders in Scotland. 2s. 

“Cannot but prove an acipiisition to those stmlying Navigation .” — Marine Engineer, 


Practical Mechanics : Applieil to the requirements of the Sailor. 
By Thos. Mackkn/.ik, Master Mariner, F.R.A.S. Second Edition, Revised. Ss. fid. 
Well worth the money . , . kxcbedinoly ukli'el i,."— I f'orfd. 

Trijro^C^etry : For the Youn^; Sailor, &c. By Bioh. C. Bcck, of the 
Th.'uni^Naiitieal Tr.'iiiiiiig College, lI..\f.S. “ Worcester." second Ei>ITIoN, Revised. 
Price 3^ Od. 

“This EMINENTLY I’RACTICAL and reliable volume " — Sehoolmatter. 


Ff^Ctical Al^brft.. By Bim. C. Buck. Companion Volume to the 
above, for HaiuufB and otlitM's. Price 3s. fid. 

* “ It is JUST TH 1 V)«^UK for t||c young sailor mind fill of progress. —XaiAical Magazine. 

The Legal Duties Ql^Shf^masters. By Brnkuict Wm. Ginsdurov 

LL.^., of the Jbncf Temple and Northern Ciivuil: Barrlster-at-Law. Price 
“ i[MV^LC^f%jf^inastcrs. . . . We can fully recommend it ." — Shipping GoMtte. 


A MedlcaLa«d»‘Sifrgical Help for Shipmasters. Including First 

Aid at Seir By Wm. Johnson Smith, F.11.0 S.. Principal Medical OflBcer, SeameaV 
Hospital, Greeni^lch.* Second Edition, Ke vised, fis. 

. ** Bound, judicious, really uelfful."— 7A«! Lancet. 


tONOON: CHARLES GRIfFIN A CO., LIM.TED, EXETER STREET, STRANR 


OBAMLwa ournir a- ao:M rtracrcuTiojn 
GglFFIN’S NAUTICAL SERlliS .> 

* Price 3s. Gel. Post-free. • 

T BC E *■ 

British Mercantile Marine. 

Bv EDWARD BLACKMORE, 

MASTBR MARINTR; F THE INsTl I VTTON OF NWAL ARCHITECTS; 

UKMbCR nUi INSiniF-lION OF KNt.tNBBRS ANl> SHIFIHMLDBRS WW . 

IN *'..OILAMi; fa»(IOK OF GRIFUN’S "NAUIICAL ^RIBS." ' 

General ("(‘ntent?!.— lU^roRiovL : Vrom Early Times to 1486— Pn^Kresa 
ander Henry VI IT. — To De.ath of Mary -During Elizabeth’s Keign—IJp to 
the Reign <*f William ITI.-'i'lie ISth an<l llith C’entiirius — Institution ot 
]Qx&minations — Rise ami l*ro;;rt*s» of Steiini Prij])ulsioii — Hevelomuent of 
Free Trade— Shi pijing I.ogi.slatioii, 1862 to 1875 — Loeksley Hall” Case— 
Shipmiisters’ Societies— LojiFliiuf 4 >t Ships — Sliipping TA'giHlatioii, 1884. to 1894 — 
Stati.'i'ios of Shipping. 'I'.'tK I'kk.-^onn/- L : Shipi>;vncr8—Oltic4.Trt -‘Mariners — 
Duties and i'ro^eiit Po.sifi,.ii. KnUi’Ai lON ; A Seaman's Ediie.atioii: what it 
should be — Pres -nt Mean.;; of Edneatiim -Hintfe. 1 >js 4 ‘ 1 j»link and Duty — 
Postscript — I’he Serious I >f 4 *rease in Ihe Xiimber of Rritisli Seamen, u Matter 
demanding the AtteiifKui of the .N'ation. * 

“iNIERKdTINO aiul ISMUHriVS . . . UUiy be Fetid WITH FKUylT and KMJOTMBXT.”— 

Htrald 

''Etkry branch of th'4 sinrjfi d.*a;t with vi a WF*y which shows that tb's wriier 
* knows the rrjp»‘H’ f.irniimn.v Scoismtin 

**This Ai>MiHABtK b<i <k . . . TEKMB with information— Should be in tbs 

bands of every Sailor.”— Westei n Morning Stw*. 


Secoxd l^DiTift.v, Price OS. Post-free., 

A JVEANkXAK^ OF 

ELEMENTARY SEAMANSHIP. 

BT . 

D. WILSOX-BARKEK, Master Mariner: F.R.S.E., F.H.G.S., *:a, &c.: 

YOU.NOKa BKuTHEU of the TKI.NITY HOUSE. 

With Frontispiece, Twelve Platt^a (Two in Colours), and Illustrations 
in the Text. 

General Cuntkmw. — T he Building of a Shi]); Parts ctf llyA Masts, 
4 c. — Rope.s, Kmitrt, .‘^jilicing, &c. — ( 4 ear, l.eail and I^og, &c. / - l^igging. 
Anchors — Sailinaking - -'I'he Sails, &c -- Handling of Boats under SSail — 
Signals and signalling - B.ile of the Hoad— Kt'ei>ii4: ami Rflieving Watch — . 
Points of Ethiuette— Chi- nary <>f Sea Terms ami 1 * 1 1 rases- —|iidex. 

•,* The volume 4'oui«.»nH the sew Kt’i.K>' ox tjie Koij>. , 

“This Al)M 1 RAR^K MANCAi.. by fJAiT. Wilson-Babkvr- >f tiif! ’ Wi'a*('e»ter,' HQpms to ns 
nsirR<Tr.T DEHiGNhO. RTirt ioMs iw Axcellouifl ie IN M Nautical SxAikk.' . . . 

■AlthonKh intnnrled for those who are to booomo OftlcAii 42fT^*) Mcr.liant Navy, ft will be 
found uiwful by ALL VACffT^MF.N."— /llAer»w»4m. *' o 

'' Five BhillTEH will be wpli. hi'eni <»n thin litilo bonk. d^Ai-r. Wiuioir-BAHSSK knows 
firam experience what a young man wants at the outset of his oareor|j4|i^|!^^’n0riiMer. 

For complete List of Uaiyris's Nautiq al Sb&jw, p. 4k > 

lOHOON : OHARUS GRIFFIN & CO., LIMITED. EXETER 'STREET, STRAND. 
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&tflFF[N’S NAUTICAL SERIE , S. 

• Price Se, 6d. Post-free, 

IsTAVIGATIOls: 

PRACmGAlLi J 1 .ND rTHESOREirFXCJaLlLi. 


DAVID WILSON-BARKEK, RN.R., F.R.S.E., ^fec., &a, 

AND 

IV^ILLIAM ALLTNGltAM, 

FIRST -OLASS UONOUIIS, NAViaATlOM, SCIKNCE AND ART DEPARTMENT. 

TSaub *numccoud Sllustiationd aiib Ba;amination (SlucBtioiid. 

General Contents. — Definitions — Latitude and Longitude -Instruments 
of Navigation— (^‘orrectiem of CJourses— Plane Sailing — Traverse Sailing— Day’s 
Work — Parallel Sailing — Middle l^.ititnde S.-dling — Mercator's Chart — 
Mercat^ir Sailing — C’urrent Sailing — Pi»sitioil bj' Bearings— G *eat (!ircle Sailing 
— The 1’ides — Questions — Appeutlix: Comi*ass Error — Niimeioud Useful Hints, 
‘&c. — Index. 

*- “ Phe(’iski.t tho liiiui of work required for the New Certificates of competency in fu'aies 

from SotvuDil Mato to extra Maaiur. . . . Caudidateb will fiml lb i.n VALUABLU."->Zttta(/e« 
Adverixsa- 

“A SAiMTAL MTiif. HOOK . . . Specially Adapted to the New ExAniinetioDa The 
Authors Ire Cait. Wilson - liAUKuu (CajJtain-Soporiniemleut ol the Nauiieal College, H.M.S. 
•Worcester,’ who has hid great expiTicnce lu the highest problems of Nuvgaiion), and 
ilRi Almnuham. a well'kuua u writer on the Science of Navigation and Nautical ABtronomy.** 
^Shtppwif IKorfif. 


Ilandxomc Cloth. Fulhf JUustralt d. 7^‘. t^d. Poftt-Jree. 

MARINE METEOROLOGY, 

• . FOR OFFICERS OF THE MERCHANT NAVY. 

IlY WILLIAM ALLINGJIAM, 

.ioiiit AuLiior of “ Navigulioii, TIic<»rclicHl and Practical. " 

With iianiorous Plates, Maps, Di.agrains, and Til lustrations, and a facaimilo 
H^)]^duetion of a Pago from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

lKTiu»i»i<T<»KY. - 1r||tnnm iits PM’d at Fea lor ^icleorological Purposch.— Metcoro- 
ioclcal liOK-lIiMika^-^lnio.sjdiciic IYcsmiic - Air 'JV lupoiahui fc. - .Sca ioinperatiiies. — 
Winds.— \Vind roii^Siokh. lli.sloi.v <if the Law of Moim.s.- Uuiii aiics, .Seasoiib, and 
Sutriu Trucks. .Softiiou of tJc t'ytJone Pi «»lilcin.- Ocean t'uirims. -Icebergs.—Syii- 
chi'ouoi/b* ' 'h.Mts. - lh-\v, MijM,* Pogs§ and Jiaxo. (’Kuidh. ~ K.iin, Snow, and Hail. — 
Mirage, llaiiil><*\vb, <Aa'oiiu&^^loS,11nd Metcoi-s.~Lij^ lulling, CoiiiObiails, and Aururaa.— 

iJUISSXIONS.— A h-l'K.NDl.X.- -TNDifct. 

••Q^o the Trst jMihlic.nliMi, and cort-dnly the i.sTKr.hSTiM., on this subject ever 

present^ to NsuUiJ^pfcin." .sAwiiii/ 

For.Co^ifloto List of Griffin’^ Nautical Series, see p. 45. 
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^ KAVTJOAL WORKS. 49 

. ^rtFIN’S NAUTICAL SERIES. 

In Crown 8vo. Handsome Cloth. 4s. 6d. Post-Me. 

THE LEGAL DOTIES OF SHIPMASTERS. 


BENEDICT WM. GINSBURG, M.A., LL.D. (Cantar), 

Of the Inner Temple and Northern Circuit; Barrisler-at-Law. 

, Gen ep a.1 Contents .—The Qualification for the Position of Shipmaster— The Cod> 
tnict Shipowner— The Master’s Duty in respect of the Crew : Engagement ; 

Apprentices; Discipline'! Provisions, Accommodation, and M edicul Comforts ; Payment 
of wages and Discharge— The Master's Duty in respect of the Passengers— The Master’s 
Financial Kcsponsibilitics— The Master’s Duty in respect of the Cargo — The Master's 
Duty in Case of Casualty— The Master's l>uty to certain Public Authorities — The 
Master's Duty in relation to Pilots, .Signals, Flags, and Light Dues— The Master’s Duty 
upon Arrival at the Port of Discharge — Appendices relative to certain Legal Matters; 
Board of Trade Certificates, Dietary .Scales, .Stowage of Grain Cargoes, Load Line Regula- 
tions, Lifesaving Api>Iiances, Carriage of Cattle at .Sea, Ac., dec. — Copious Index. 

No intelligent Master should fail to add this to his list of necessary booka A few llnea 
of it may savk a i awyi k's fkk, iiesiuks enulkss w'oaitv ’'—Liverpool Journal of Cotnineree. 
Sensihcu. plainly written, in clkau and non TM'iiNii:Ai. langdaqx, and will be found of 
' Kucu sKKVica by the Shipmaster.”— /iritiji/* Trade Revteve. 
a • - - 

Crown 8 vo, with Diagrams. 2.s, Post-free. 

Latitude and Longitude: 

How to Find thena. 

By W. J. MILLAR. C.E., 

Late Secretary to the Inst, of Enginfci s and Sfnpbuildert in Scotland. 

CoNCisKLY and CLEARLY WRITTEN . . . cannot but iirove an acquisition 
to those studying Navigatii>n.” - Mai'ine Knyiti^er, 

** Young iSoanieu will find it handy and useful, simple and clear.”— TA a 
Engineer, _ 

^ FIRST AID AT SEA. 

pECOND Kdition, Reviscd. With t'oloured Plates and Numeroiia Illnstra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Post-free. 63 . 

A- MEDICAL AND SDRGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

//V THE MERCHANT NAVY. 

*f BY 

. W M. » J O HffT SON SMITH, F.RO.S., 

Principal JlL^Ara^Cstllc^r, Seamen's Hospital, Greenwich. 

Tlie atVsntion of all irfwjkted iu our Merchant Navy is requested to this ezceedlaglR 
vsefnr ami valilkble work. ,lt is needless to say that it is the outcome of many years 
ruACTiCAi. KXPKjtnNMfLamongRt Seamen. 

/■SouMu, bui>vci4BI,IlBAi.i.s HBLrrL'L "—The Lancet. 

*** Fo^Oo«i]^et 8 List of Griffin’s Nautical Series, see p. 45. 
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GRIFFIN'S NAUTICAL S 

y,. , ■ ■ ,..i ■ ■■ i. n 

Sixth Editioi<*. Revised^ vnth Chapters qn Trim^ Buoyancy ^ 
and Calcvlaiims, Numerous Illustrations, ^p,ndsomt 
Clothf Crown Sro, 7s. 6d. 

KNOW YOUR OWN SHIP. 


By THOMAS WALTQN, Naval 

8PBGIALLY ARUANr.KD TO sriT THE KEQUIREMKNTS^ OF SHIPS’ OFFICBIIS^ 
SHIPOWNERS, SPrERTKTEXnKNT.S, HRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 


This work explains, in a simple manner, such important 


subjects as : — 

Displacement, 

Deadweight, 

Tonnage, 

Freeboard, 

Moments, 

Buoyancy, 

Strain, 

Structure, 


• ^ 

Stability, 

Rolling, 

Ballasting, 

< Loading, 

Shifting Cargoes, 
Admission of Water, 
Sail Area, 

&c., &c. 


“The little lMi>k ^ill be foiiml EXCERDiN’Gf.Y handt by most officers and 
cSciald connect**'! with **iiipping. . . . >tr. Walton’s work will obtain 

LASTING srccKs-i, bcca'iso of its unitpie titness for Uiosu for wht>iu it has been 
written.” — Shipping ]V''orld. 

“An EXCELLENT ^yoRK, full of solidinstmction and iNVALrAULB 
officer of the Mercaiilile Marine who has bis profession ut heart.”- ’ 
“ Not one of the 242 paj^es could well be spared. It will admirably fulfil it* 
purpose . . . U'^t'fnl to ship invners, ship suncrintendents, ship draui^hto- 
men, and all interested in shipinng.” — Lh^erpool Journal of Commerce^ 

“ A loasri of VERY PfSKFi’i. INFORMATION, accompanied by diagraiw%;id illus- 
trations, is given in a compact form.” — Fairplay. (■ 

“ We have found no one statement that we could have wished differently 
erpressed. The matter has, so far as cleameHS allows, lioen admirably con- 
densed, and is simple enough to bo understrMxl by ev^rjL ^nman.'*-— Afarine 
Mtngineer. 


BY THE SAMB* ,, 

Steel Ships: Their Gonstmetioa pd^tJMens&ice. 

(Seo page 38.) 

lONfiON: CHARLES GRIFFIN & GO., LIMITED, EXEtEfi^TREET, STRAND. 
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^HEUISTRY AND TECHNOLOGY. 51 

. - A SHORT MANUAL OP 

ANORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 


AND 

^WILSON HAKE, Ph.D., F.I.C., F.CS., 

^ Of the Westminster Uospiui Medical School. 

TitiRD Edition, Revised, Enlarged, and Inoiight up-to-date. J’rice 9.S. net. 

** A well-written, clear and accurate E]ement.arv Manual of Inof^anic Chemutrjr. . . , 
We aikree heartily with the system adopted by Drs T>upr4 and Hake Will makb Expsu- 
^NTAL Work trrdlv intbkksting iuccausk intkli joiblb.'' — Saturday Review. 

** There is no question that, given the pfrfkct r.RorNDiNC of the Student in his Scieace, 
the nemainUer comes afterwards to him in a manner much more simple and easily acqnised. 
. The work i.s an hxampck op thr auvantaghs ok ths Systematic Trsatuxict of o 
"^Science over the tragmeiitaij style so generally followed, iiv A long wav ths bbst of tho- 
i^aiall Manuals for StuAuts." — Analyst. 


LABdilATORY HANDBOOKS BY A. HUMBOLDT SEXTON. 

ProfeHBor of MetalKirgy in the Glasgow and Weat of Scotland Technical College. 


Sexton’s (Prof.) Outlines of Quantitative Analysis. 

FOR THE USE OF STUDESTS. 

With IllastratioQS. Fourth Edition. Crown 8 vo, Cloth, 3s. 

“ A COMPACT r.AHORATOKT GTUDR for bpginnerb was wanted, and the want has 
(;o(*n «Li. surpLiKH. . . , A good and useful book.” — Lancet. 


Sexton’s (Prof.) Outlines of Qualitative Analysis. 

FOR THE USE OF STUDESTS. 

• Wth Illustration.?. Thtrp Edition. Cro'wn 8 vo, Cloth, 3b. 6d, 

Up ^rk of a thoronghly practical chemist.” — L 'ithh Medical Jownial. 
Coined with groat care, and will supply a wont.”— Jowrtia/ of EducatiUm, 


Sextex's* (Prof.) Elementary Metallurgy: 

' Incljlding t]m Aut1iuf| Tract ical Laboratory Course. With maoy 
^ JHu.^i’ation 8 . [See p. 66 /W 

/SECOND Edition, Revised. Crown Svo. Cloth, Cs. 

** Just the work fur student.'* conuneneing tlio study of metallurgy.’*— - 

Practdcat EnufneeK 


L0H00N7cHARj^*GRIFFtN & CO., LIIRITED, EXETER STREET, STHAW). 
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Eighth Edition, Revisetl. Price 61 . 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS JND OTHERS . 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., •• 

PtlU/tUf MetH. Council^ and Examiner^ Sanitary Instituit of Gt^at 
and Modicai Ofltcor to tho Stajfordshirt County Council. 

‘Cattb an appendix on Sanitate ^ 

By HERBERT MANLEY, M.A., M.B., KPrK.,r.;' 

Medical OJficer of Health for the County Borough of West Bromivich, ^ 

General Contents. — Introduction — Water Supply: Drinking Water,^ 
Pollution of Water — Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbers^ Work — ■ 
Construction — Infection and Disinfection — Foo<l, Inspection of Chara^ 
^eristics of Gooti Meat ; Meat, Milk, Fish, &c., untit for Human Food- 
Appendix ; Sanitary I^w ; Model Bye-Laws, &c. 


Aru.iL-\f)S IN PRACTICAL nETA^U”^ 


' Dr. Reid’s wry usL'fiil Manual 
— Britt^k Mediiu I Journal. 

“Avery useful ‘Handbook, with a very useful Appendix. We recof^^d 
4t not only to Sanitary Inspectors, but to Householders and all ii^irested 
ia Suiitary matters." — Saniiatv Record. 


Now Ready, Ciown Svo, Handsome Cloth. Fullv Illustrated, irs. 6(1. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 

A Practical Handbook for Medical Men, Analysts, Inspectors and ot(, eta, 

Hy C. AINSWORTH MITCHELL, B.A.(Oxon), 

Fellow of the Institute of CiiemiMry ; Menil>er of Council, Society of Public Anal>sts. 

}Vith Numerous TaJtUs, lUuM rations, and a Coloured Plate. 

Content*?.— S lructuii* .-md Ch»*mu.d Composition of Muscular of 

Connective Tissue, and Blood. -'Jhe J’li-sh of lutJrrcnt Animals.-- '1 hr Kxjmuna- 
tion of Flesh. — Mijlhnds of JCxaniining .Animal Fat. — ‘The Pri-.si-rvation of Flesh, 
—Composition and .Analysis of .Sausaf,n s.- -Froteals of Mr.‘-h.— Meal F.vliaets and 
Flesh Peptones. —The Cooking of Flesh. Poisonoii.s F’eshr-y'^'he Animal Para- 
sites of Flesh. —'J'hc Hactenulogical 10xanim«*ition of Flesh.— Vie K.xiraction and 
Separation of Piomaines. — I ndk.X. J 

*.• Thii w<-ir!c is ;i complete cnmpeiiilium of th»* f u» a>1imat. iI'isphs. It con- 

lain^ directs <ns f(ir iric detection of inoriiirl conditions, ]mirrfa>^e rh:fnp»i, and poisonous 
or injurious constifients, together with an account of ihcir caiy|es and elTcfMs.-^l*Mh/Bhere 
Note. - 

“ A < ompti Uion wlm li will Vi • ni'iM n v'n* fftr the »M. ' • f«f wh»‘Mi .t i'. L jlmeHtrHvir . 

“A !'>ok wn>ih '*'» nsh m)io - <l.ities iiit«l\e ijy la.n Ahifimit lO IIP 

■SV 1 1 .toL’ r."- «/ *’ *' *'* 

tONDDM : CHARLES GRIFFIN ft CO.. U^ITtD, EXETETWREET, STRAND. 
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